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ABSTRACT
The influence of the nutritional status on quality of life, functionality, morbidity and 
mortality in elderly people has been shown in several studies. Elderly people, 
especially with functional and cognitive deficits, are at high risk of malnutrition, a 
status of an insufficient intake of macronutrients and micronutrients. Prevalence of 
malnutrition has been investigated in several studies and depends on the observed 
setting and the used assessment. Consequently, prevalence rates ranged between 5 
and 85%. Several methods for the determination of nutritional status or the risk of
malnutrition are available; the present thesis focuses on different assessment of 
nutritional situation, and its influence on functionality and mortality in an observational 
longitudinal study. Therefore the first aim of this thesis was to test the agreement of 
MNA, approached by either using a one-on-one interview with residents of two 
Nuremberg nursing homes compared to the assessment by nursing staff. We 
identified a fair agreement and a different value of applicability with the two methods. 
Applicability was higher in the approach of the nursing staff. Additionally, a predictive 
value of the screening tool could be shown, as residents with a nutritional status 
identified as “poor” died more often within a one-year follow-up than residents 
identified as “well-nourished”. Second aim was the description of specific nutrient
blood markers of the nursing home residents as another indicator of nutritional status. 
This included the monitoring within one year and the analysis of its association to 
functionality and mortality. Longitudinal data on nursing home residents in this regard 
are not yet available. The highest deficiency prevalence was observed for vitamin D, 
retinol and albumin. Within one year, status of vitamin D and retinol decreased 
significantly. Vitamin D, retinol and folate status were associated with functional 
parameters; vitamin D status was significantly associated with survival. Beside the 
high prevalence of malnutrition in the elderly, a growing amount of obesity was 
revealed, including the above 65-year-olds. The discussion on the influence of 
obesity on functional parameters in the aged has been contradictory. Data on nursing 
home residents in this regard are scarce anyway. In several studies in different 
settings, the lowest mortality has been shown to be in overweight and obese elderly. 
Consequently, the third aim of the present thesis was to investigate the association of 
obesity, defined as BMI above 30 kg/m2, with functionality and mortality in obese 
nursing home residents. Obese residents showed the highest levels of the observed 
functional parameters and the lowest mortality in comparison to residents with low 
and normal BMI. 
ZUSAMMENFASSUNG
In vielen Studien wurde der Einfluss des Ernährungszustandes auf die Lebens-
qualität, Funktionalität, Morbidität und Mortalität bei älteren Menschen bereits 
gezeigt. Menschen ab 65 Jahren mit funktionellen und kognitiven Defiziten 
unterliegen einem besonderen Risiko für das Vorliegen einer Mangelernährung. Als 
Mangelernährung wird ein Defizit an Makro- und/oder Mikronährstoffen bezeichnet. 
Die Prävalenz von Mangelernährung wurde bereits in vielen Studien untersucht und 
ist abhängig von dem untersuchten Kollektiv und der verwendeten Methode zur 
Erfassung der Mangelernährung. Folglich schwankte die ermittelte Prävalenz
zwischen 5 und 85%. Der Ernährungszustand kann mit Hilfe verschiedenster
Methoden erfasst werden; im Fokus der folgenden Dissertation standen 
verschiedene Methoden zur Erfassung der Ernährungssituation und ihr Einfluss auf 
Funktionsparameter sowie Mortalität. Folglich war das erste Ziel der vorliegenden 
Dissertation der systematische Vergleich zweier auf unterschiedlicher Erhebungs-
methoden ermittelter MNA Ergebnisse. Ein Bogen wurde mit dem Pflegeheim-
bewohner selbst in Form eines Interviews ausgefüllt, ein weiterer MNA wurde mittels 
der Einschätzung des zuständigen Pflegepersonals komplettiert. Die Anwendbarkeit 
durch das Pflegepersonal war größer. Es ergab sich nur eine ausreichende 
Übereinstimmung zwischen den beiden Erhebungsmethoden. Es konnte ein 
prognostischer Wert dieses Instrumentes gezeigt werden, da mehr mangelernährte 
Bewohner im Beobachtungszeitraum von einem Jahr verstarben als Probanden, die
mittels MNA als normal ernährt eingestuft wurden. Studien, die den Nährstoffspiegel 
von älteren Menschen longitudinal beobachten, existieren bisher kaum. Zweites Ziel 
der vorliegenden Arbeit war daher spezifische Blutmarker als Indikatoren des
Ernährungszustandes bei den Pflegeheimbewohnern zu beschreiben, über ein Jahr 
zu beobachten und die Höhe der Blutwerte in Beziehung zu funktionellen Parametern 
und der Mortalität zu setzen. Die höchste Prävalenz an erniedrigten Spiegeln zeigte 
sich beim Vitamin D, Retinol und Albumin. Durchschnittlich sank der Retinol- und 
Vitamin D-Spiegel innerhalb eines Jahres signifikant ab. Die Vitamin D-, Retinol und
Folatspiegel zeigten positive Assoziationen zu funktionellen Parametern; der Vitamin 
D-Spiegel zusätzlich zum Überleben der Pflegeheimbewohner. Neben der 
Problematik der großen Anzahl mangelernährter älterer Menschen, zeigt sich eine 
stetig wachsende Prävalenz adipöser über 65-Jähriger. Der Einfluss von 
Übergewicht auf funktionelle Parameter bei zuhause Lebenden zeigte bisher 
divergente Ergebnisse, entsprechende Daten für Bewohner von Pflegeheimen liegen 
kaum vor. Entsprechend war das letztes Ziel der vorliegenden Arbeit die Analyse des
Zusammenhanges zwischen Adipositas, definiert durch einen BMI von >30 kg/m2,
der Funktionalität und der Mortalität. Adipöse Bewohner zeigten ein größeres 
funktionelles Potential und eine höhere Überlebensrate als Bewohner im normalen 
und untergewichtigen BMI Bereich.
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1CHAPTER ONE
General Introduction
A poor nutritional status due to an insufficient intake of energy, macro- and/or 
micronutrients (general and/or specific malnutrition) is a well-known independent risk 
factor for enhanced functional decline as well as for increased morbidity and mortality 
rates in elderly people (MORLEY AND SILVER 1995, BAUER ET AL. 2006); moreover, 
malnutrition is a decisive factor for an early nursing home admission (KWON ET AL 
2007, SHARKEY ET AL. 2006, VISSER ET AL. 2006, BISCHOFF-FERRARI ET AL. 2004,
STANGA ET AL 2004, VOLPATO ET AL. 2004, AMARANTOS ET AL. 2001, ZULIANI ET AL.
2001).
A low nutritional intake in the elderly is the consequence of a variety of different 
circumstances which often appear in combination (PIRLICH AND LOCHS 2001): low 
physical activity, pain, tremor, dry mouth, swallowing or chewing difficulties, smell or 
taste failures, dementia, depression, social isolation, financial problems and others. 
Age-associated changes in the complex system of regulating nutritional intake 
comprising enteral, neuronal and endocrine mechanisms lead to a decline in hunger 
and appetite, and an increased sensation of satiety (BAUER ET AL. 2008, DE CASTRO 
1993). The change of hormone levels decisively influences the nutritional status and 
the food intake (BAUER ET AL. 2007, STURM ET AL. 2003, MACINTOSH ET AL. 1999,
MORLEY 1997). Multimorbid seniors often receive multimedication which further 
decreases nutritional intake due to adverse effects such as chronic nausea, dry 
mouth, anorexia, etc. The inadequate intake of energy and nutrients is leading to a 
dramatic loss in muscle mass (sarcopenia), fat mass and nutrient reserves 
decreasing the ability to overcome acute illness (BAUER ET AL. 2006).
The prevalence of malnourished elderly has been evaluated in numerous studies 
(GASKILL ET AL. 2008, SALVI ET AL. 2008, PAULY ET AL. 2007, PIRLICH ET AL. 2006). 
Obviously, the prevalence of general malnutrition depends on the setting 
(outpatients, homebound, hospitalised or institutionalised individuals) and the 
assessment method used and ranged between 5% and 85% (PAULY ET AL. 2007,
STANGA 2004). Only few and inconsistent information is available with respect to the 
2micronutrient status (VOLKERT ET AL. 1992, VELLAS ET AL. 2000, RAFFOUL ET AL. 2006):
generally low plasma values were, however, reported for vitamin C and vitamin D. 
Since the need for micronutrients remains constant or is even increased in 
pathophysiological situations whereas the energy requirements decline with age, an 
adequate intake of minerals and vitamins requires the preferential consumption of 
nutrient dense food (DGE 2007, DACH 2000).
Our knowledge with respect to the nutritional situations of nursing home residents is 
still scarce. In a current study it was shown that one third of German elderly female 
nursing home residents who were able to eat without any help had an energy intake 
of less than 1700 kcal/d; dependent residents had an even lower average intake of 
only 1130 kcal/d (SCHMID ET AL. 2003). In an Australian nursing home, an inadequate 
energy intake was found in 60% of the residents (GRIEGER AND NOWSON 2007). With 
regard to protein status, a proportion of approximately 30% newly admitted nursing 
home residents in Sweden are suffering from protein-energy-malnutrition (PEM). This 
share increased up to more than 40% in residents released from acute hospital care 
(CHRISTENSSON ET AL. 1999). It has been demonstrated that a reduced protein and/or 
energy intake (protein/energy malnutrition) is related to frailty, a geriatric syndrome 
with multifactorial origin and prevalence up to 27% in the population aged 65 years 
and older (KAISER ET AL. 2009). In a national cross-sectional study recently performed 
in 10 German nursing homes (773 residents), 8% of males and 6% of females had a 
dramatic low BMI (<18.5). Using the Mini Nutritional Assessment 11% of residents 
were classified malnourished. Interestingly, still 20% of men and 21% of women were 
obese (BMI >30) (HESEKER AND STEHLE 2008). Comparable results were obtained in a 
recent study assessing newly admitted nursing home residents: the prevalence of 
obesity increased from 15% to more than 25% in the years from 1992 to 2002 
(LAPANE AND RESNIK 2005). In which way overweight/obesity is influencing life quality, 
functionality and morbidity in older residents is not known. 
The few studies focusing on the nutritional status, indicated by blood nutrients, 
showed inconsistent results. In a population of both nursing home residents and 
community-dwelling elderly, it was shown that vitamin C and niacin levels were 
acceptable whereas deficits in vitamin A, thiamine and riboflavin were obvious 
(HARRILL AND CERVONE 1977). Loewik and co-workers observed a significant lower 
mean level of several vitamins in Dutch nursing home residents in comparison to free 
3and more independently living elderly (LOEWIK ET AL. 1992). With regard to vitamin D, 
a highly prevalent deficiency was shown worldwide (HOLICK 2007). In German 
nursing home residents, the intake (3-day protocol) of the micronutrients (except 
vitamin A and niacin) analyzed were clearly below the reference values (DACH
2000). Both, vitamin and fibre, did not reach 50% of the recommendation (HESEKER 
AND STEHLE 2008). Scientific work focusing on the nutritional status of nursing home 
residents is hampered by various factors. Due to a high prevalence of cognitively 
impaired residents, one-on-one interviews are generally not applicable; 
consequently, assessment has to be performed by the nursing staff. This affords 
corresponding competence of the staff. Furthermore, it is still questionable which 
screening and/or assessment method provides reliable results and should, thus, be 
used in routine work. Evaluation of blood analysis requires the availability of 
reference values. Presently, we use data published for healthy adults. Finally, the 
“optimal” body weight for morbid elderly is not defined yet. 
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8AIMS OF THE THESIS
The purpose of this follow-up study in a population of nursing home residents was to 
further improve our knowledge with respect to the assessment and evaluation of the 
nutritional status. In this regard, the following questions should be answered:
• CHAPTER TWO:
Is the screening tool Mini Nutritional Assessement (MNA) performed by one-
on-one interview with the nursing home residents themselves or by 
assessment with the help of the according nursing staff a reliable and 
practicable method to screen the nutritional status of nursing home 
residents? Does the tool provide a predictive value?
• CHAPTER THREE:
How is the nutrient status regarding specific blood markers in the population 
of nursing home residents and how influence these blood levels the
functionality and morbidity in the observed population?
• CHAPTER FOUR:
In which way is obesity, defined as BMI above 30 kg/m2, influencing 
functional abilities and mortality of nursing home residents?
9CHAPTER TWO
Comparison of two different approaches for the application of the Mini Nutritional 
Assessment in nursing homes: resident interviews versus assessment by nursing 
staff
Kaiser et al, published in J Nutr Health Aging 2009;13(10):863-9.
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Abstract
Background: When the Mini Nutritional Assessment (MNA®) was developed, the 
authors did not specifically focus on the nursing home setting. Due to a number of 
particularities of nursing home residents, such as cognitive and linguistic disabilities, 
a number of uncertainties with regard to its application await clarification. Aims and 
objectives: The aim of this study was to compare the results of two different modes 
of MNA application in nursing homes: resident interviews versus assessment by 
nursing staff. Method: The MNA was applied to 200 residents of two municipal 
nursing homes in Nuremberg, Germany. First one-on-one interviews of the residents 
were conducted by two researchers from our group. Next, the MNA was applied by 
the attending nursing staff, who were blinded to the results of the first MNA. To 
evaluate the prognostic properties of the two different approaches, data on mortality 
of the screened residents were collected during a six-month follow-up period. 
Results: Among 200 residents (f 147 m 53, f 86.5±7.4 y. m 83.0±8.5 y.), the MNA 
could be applied to 138 residents (69.0%) by one-on-one interviews and to 188 
residents (94.0%) by the nursing staff. 15.2% of the residents were categorised as 
malnourished by the interviews and 8.7% by the nursing staff’s assessment (n=138). 
????????????????? ???? ?????????????? ???????? ?????????? ???????????????????????????
CI: 0.14 - ????????????????????? ????????????????????????????????????????????- 0.44). 
After exclusion of residents with cognitive impairment (n=89), agreement for the full 
???????? ?????????? ?????????? ?=0.47, 95% CI 0.25 - 0.68). 25 (12.5%) study 
participants deceased during the follow-up period. Mortality was significantly 
associated with the MNA categories for both approaches, while the MNA application 
by the nursing staff proved to be superior (nursing staff p<0.001, residents p<0.05). 
Conclusions: The results of the MNA in nursing home residents may differ 
substantially when resident interviews are compared to assessment by nursing staff. 
The authors recommend that the MNA should be routinely applied by the nursing 
staff as thus application rate is higher and interference with cognitive as well as 
linguistic deficits is lower. In future studies, the mode of MNA application in nursing 
home residents should be clearly stated to facilitate comparability of results.




Malnutrition has been identified as a frequent problem among the frail elderly in most 
industrialized countries. It is associated with loss of functionality, lower quality of life, 
higher risk of morbidity and increased mortality (1-4,7). The highest prevalence rates 
for malnutrition were reported for elderly patients in hospitals and those living in 
nursing homes, with a range of between 5% and 70%, depending on the definition of 
malnutrition applied (5,6). Still, no gold standard exists for the latter. In 2003, the 
European Society for Clinical Nutrition and Metabolism (ESPEN) recommended three 
nutritional screening tools to be applied according to the population which is to be 
screened (4). These tools were the Malnutrition Universal Screening Tool (MUST), 
the Nutritional Risk Screening (NRS) and the Mini Nutritional Assessment (MNA). 
The latter has been regarded as the most suitable screening tool for the geriatric 
population. The original study, published in 1994 by Guigoz, Vellas and Garry, was 
based on three different cohorts of elderly persons from the Toulouse area and from 
the New Mexico Aging Progress Study (8,9). The MNA was developed for practicable 
and rapid nutritional screening in frail elderly people. It was designed to be completed 
in 10 to 15 minutes, with the intention of targeting early nutritional intervention (10). 
Meanwhile, the MNA has become the best documented screening tool for 
malnutrition in the elderly, with more than 10,000 study participants in different 
settings (6).
With regard to its application in nursing homes, several studies have been published 
over the last two years (11-19). However, the application of the MNA may be 
hampered by cognitive and linguistic disabilities, which are frequently present among 
nursing home residents. Similar problems have been described in an application 
study among hospitalized geriatric patients (20). Under these circumstances, the 
MNA was completed by the attending nurses in most cases. Potential differences 
between these two approaches of MNA application – one-on-one resident interview 
versus assessment by nursing staff – have not been systematically analyzed before 
for only Tsai et al. published a comparison with caregivers` assessment, focusing 
exclusively on the two MNA questions that are exploring self-assessment with regard 
to nutritional status and general health (11). In the present study, we analyzed these 
two approaches for the short form and the full MNA. We also tested their prognostic 
value with regard to mortality in a six-month follow-up period.
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Subjects
Two hundred residents from two municipal nursing homes in Nuremberg, Germany, 
were recruited for this study from June to December 2007. Residents were excluded 
if they were under 65 years of age, terminally ill or did not give informed consent 
(resident or legal proxy, respectively). The study protocol was approved by the ethics 
committees of the Friedrich-Alexander-University of Erlangen-Nuremberg, Germany, 
and the Rheinische Friedrich-Wilhelms-University of Bonn, Germany.
Method
A nutrition scientist (Kaiser R - KR) and a physician (Winning K - WK) approached all 
residents in the two Nuremberg nursing homes and/or their legal proxy. After 
obtaining informed consent, all participants were examined in an identical manner. 
First, the MNA was completed with the help of the resident in a one-on-one interview, 
conducted by either WK or KR. Afterwards, the MNA for each subject was completed 
by the attending nursing staff member, who was blinded with regard to the result of 
the initial MNA. Here all results with the exception of the sub-items F, Q and R (see 
below) were based on the estimation by the nursing staff, their experience and their 
awareness of the medical records. In six cases the length of stay was less than three 
months (one month in two cases, two months in four cases); here the nursing staff 
members completed the MNA with the knowledge and data available to them by that 
time. The two MNAs for each resident were always completed within one week.
The MNA consists of two parts: the MNA-Short Form (MNAsf) with six items (items A-
G) and the full MNA which comprises the MNAsf and twelve additional items. The 
MNAsf was developed by Rubenstein in 2001 (27) and scores a maximum of 14 
points. The screened subject is classified as “normal” with scores of 12 or more; 
below 12, the subject is “at risk of malnutrition”. The full MNA (items G-R) contains 12 
additional questions on their living situation, drug intake, skin lesions, anthropometric 
parameters, dietary and subjective assessment. The nutritional status is classified 
into three categories: 24 - 30 points indicate that the subject is well-nourished, 17 -
23.5 points indicate that the resident is at risk of malnutrition and up to 16.5 points 
mean that he/she is malnourished. In the present study, items F (BMI), Q (mid-arm 
circumference) and R (calf circumference) were assessed by KR and WK for both 
modes. The question about the residents` living situation (item G) always scored 0 
points, due to the nursing home setting of the study. Cognitive status was determined 
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by the Mini Mental State Examination by Folstein (MMSE) (21). The emotional status 
was tested by the short form of the Geriatric Depression Scale, validated by Lesher 
and Berryhill in 1994 (22). Anthropometric measurements were weight, knee height, 
mid-arm circumference (MAC) and calf circumference (CC). The measurements of all 
subjects were performed by the nutrition scientist (KR). The weight was measured to 
the nearest 0.1 kg using a weigh chair (type Arjo CFA 2000). The knee height was 
measured by a knee height sliding calliper provided by the Austrian Society for 
Clinical Nutrition (AKE) (23) in a sitting position. Bedridden residents were measured 
in a supine position. The knee and the ankle had to be bent at 90°. The knee height 
was recorded to the nearest 0.1 cm for all participants. The measurement was 
carried out as described by Chumlea (24). The body height was calculated using the 
equations developed by Chumlea et al. in a cohort beyond the age of 60 (25):
white non-Hispanic male: 78.31 + (1.94 x knee height) – (0.14 x age)
white non-Hispanic female: 82.21 + (1.85 x knee height) – (0.21 x age)
The Body Mass Index (BMI) was calculated by body weight (kg) divided by squared 
body height (m2).
The measurements of the MAC and the CC were carried out with a flexible 
measuring tape and were recorded to the nearest 0.1 cm. The MAC was measured 
at the mid-point between the tip of the shoulder and the tip of the elbow between 
olecranon process and the acromion on the left side. The CC was measured at the 
widest point of the calf muscle without compressing the subcutaneous tissue of the 
patient in a supine or sitting position on the left side. The mean was taken from two 
consecutive measurements. Individual variables, such as gender, age, social and 
medical data, were collected from the medical records of the nursing home or from 
the nursing staff by way of a questionnaire. The Barthel’s Index, developed in 1965 
by Mahoney and Barthel (ADL) (26), was carried out by the nursing staff. Maximum 
score was 100 points; a score of >64 points was regarded as independent in 
activities of daily living, 35 – 64 points was indicative of being in need of assistance, 
while a score <35 points indicated need of care. During a six-month follow-up period, 
data on the residents’ mortality were collected.
Statistics
Statistical analysis was performed using SPSS© version 16.0 (SPSS for windows, 
SPSS Inc., Chicago, IL, USA) and SAS (version 9.1, SAS Institute, Cary, NC, USA). 
Inter-rater reliability - in this context meaning the agreement between one-on-one 
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interviews and assessment by nursing staff - was quantified by Cohen’s kappa index 
(28) for the classified MNA outcome and the individual items of the long version of 
the MNA. In the case of ordinal items with more than two levels, the weighted kappa 
value was estimated. To examine whether differences between the two ratings 
depart from chance variation, i.e. whether there are systematic differences between 
the two assessments, the McNemar and the Bowker test for symmetry was used, as 
appropriate. Correlation between MNA score values was quantified with the 
Spearman rank correlation coefficient. Statistical significant differences were taken 
by a p-values < 0.05.
Results
Study population
Out of 322 residents living in the two nursing homes, 122 persons (98 females and 
24 males) were not eligible for the present study. For 42 residents, their proxies did 
not agree in their participation (34.4% of non-participating residents). Proxies could 
not be contacted in another 14 cases (11.5%). 28 residents were personally unwilling 
to participate in the study (23.0%). Ten residents were terminally ill (8.2%) and 10 
residents were under age 65 (8.2%). Other residents did not participate for various 
reasons such as acute hospitalisation, infection with multi-resistant bacterial strains, 
etc. (18 residents, 14.8%). The mean age of the non-participating residents 
(82.8±11.5 years) was significantly lower than that of the participating residents.
Of the 200 residents included, 147 were female and 53 male (mean age 85.5±7.8 
years). All participants were Caucasians. Women were significantly older than men 
(p<0.05). The majority of included residents were multimorbid, with diabetes mellitus 
being present in 36.0% of the residents, arterial hypertension in 76.5%, chronic heart 
failure in 74.0%, residual symptoms after cerebral ischemia in 29.0%, and 
osteoarthritis in 31.0%. The mean number of drugs taken on a daily basis was 
7.8±4.9 (range 0-24). The GDS was completed in 71.0% of the residents. 50.0% of 
these were found to have a score indicative of overt depression. The MMSE was 
applicable to 91.0% of the residents. 75.5 % of theses showed results indicating 
relevant cognitive impairment (<25 points). With regard to the activities of daily living 
(ADL), 28.0% of the residents were independent and 29.5% needed assistance. 
42.5% required a high level of care. The characteristics and anthropometric data of 
the participants are shown in table I.
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Table I: Characteristics of participants
Women Men
Number of participants 147 53
Age [y]* 86.5 (± 7.4)° 83.0 (± 8.5)°
ADL [points/100] 40 [15-65]+ 45 [20-67.5]+
GDS [points/15] 5 [3-8]+ 4 [2-8.5]+
MMSE [points/30] 19 [1-24.5]+ 19 [7.5-29] +
Body weight [kg]* 63.2 (± 13.9)° 74.6 (± 15.5)°
BMI [kg/m2] 26.5 (± 5.5)° 25.6 (± 4.4)°
MAC [cm] 28.3 (± 4.5)° 29.1 (± 4.5)°
CC [cm] 32.6 (± 5.2)° 33.0 (± 4.3)°
+median (1.quartile-3. quartile), °mean ± SD, * (t-test p<0.05)
ADL = Activities of Daily Living, GDS = Geriatric Depression Scale, 
MMSE = Mini Mental State Examination, MAC = Mid-arm circumference,
CC = calf circumference+
Application of the MNA
Application of the MNA by one-on-one interview of the resident was possible in 
69.0% (n=138). The reasons for non-applicability included communicative deficits, 
such as aphasia and cognitive impairment in 25%, tube feeding in 5% and 
amputation of both lower limbs in 1%, as CC could not be measured in these cases. 
The MNA could be completed by assessment of the nursing staff in 94.0% of the 
cases (n=188). Again, the MNA could not be applied due to tube feeding (5%) or 
lower limb amputations (1%). The following analyses are based on the subset of data 
that included only those residents for whom the MNA was completed by both 
approaches (n=138).
MNA short form (MNAsf)
Figure I shows a scatter plot of score points obtained by the MNAsf for resident 
interviews versus assessment by nursing staff. The size of bubbles indicates the 
frequency when scoring results of both approaches met. The cut-offs of the two 
categories of the MNAsf – “normal” and “at risk of malnutrition” - are represented by 
horizontal and vertical lines. 
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Figure I: Scatter plot of for the MNAsf: resident interview versus screening by 
nursing staff
The size of the bubbles indicates the frequency when scoring results of both approaches 
met. The cut-offs of the two categories of the MNAsf are represented by the horizontal and 
vertical lines.
According to the one-on-one interviews 76.1% of residents were categorised as “at 
risk of malnutrition”, while 63.8% were categorised in the same group by the nursing 
staff, respectively (table II). So, a higher number of residents was categorised as 
“normal” when they were screened by the nursing staff. Correlation between the two 
modes of application was moderate (Spearman rank correlation coefficient 0.60, 
p<0.001). The test of symmetry revealed a significant difference (p<0.05, McNemar 
test). Agreement was only fair (kappa 0.31; 95% CI: 0.14 - 0.47). In addition, we 
analyzed five sub-items of the MNAsf separately to identify the most obvious 
differences between the two approaches (table III). With regard to item A, which 
addresses loss of appetite and reduced food intake, it was noticed that 14 residents 
reported severe loss of appetite, while only six residents were placed in this category 
by the nursing staff. Agreement between the two approaches was only low for this 
item. When confronted with the second question of the MNAsf that explores ‘weight 
loss during the last three months’ residents choose the option ‘does not know’ in 
23.0%, while the nursing staff provided a definitive answer in every case. There was 
also a considerable discrepancy with regard to the option ‘no weight loss’ (57.9% 
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resident vs. 78.2% nursing staff). Item C mobility showed the highest agreement 
among the items of the short form (weighted kappa 0.52). For this item, no significant 
difference was found between the two approaches. With regard to item D, 29.8% of 
the residents indicated that they suffered from acute disease or psychological stress 
in the past three months, which is close to the 28.9% determined by the nursing 
???????????????????????????????????????????????????????????????????????????????????????
of presence of depression and dementia significantly skewed (p<0.05) the way that 
residents estimated their neuropsychological problems as less severe than the 
nursing staff did. Anyhow, between the two approaches a fair but significant 
??????????????????????????????????????????








Well-nourished n 21 12 33
Risk of malnutrition n 29 76 105
Total n 50 88 138
Table III: Comparison of selected items of the MNA by resident interviews versus 
assessment by nursing staff
(weighted)§ kappa 
(95% CI)
Bowker (McNemar)$ test of 
symmetry (difference)
A Anorexia §0.12 (0-0.25) p<0.001
B Weight loss §0.19 (0.07-0.32) p<0.001
C Mobility §0.52 (0.40-0.63) n.s.




O Nutritional status §0.03 (0-0.18) n.s.
P Health status §0.03 (0-0.14) n.s.
n.s. = not significant
18
Full MNA
Resident interviews yielded a mean score of 21.4 points (median 22, Interquartile 
range [IQR] 19 - 24.5). 15.2% of the residents were categorised as malnourished, 
52.9% as being at risk of malnutrition and 31.9% as being well-nourished. For the 
same residents, based on the assessment by the nursing staff, the mean score of the 
total MNA was 21.3 points (median 22, IQR 18.5 - 24). 8.7% were categorised as 
malnourished, 54.3% as being at risk of malnutrition and 37.0% as being well-
nourished. The correlation between the two scores was moderate (Spearman rank 
correlation coefficient 0.58), albeit significant (p<0.001) (figure I). Individual 
agreement of the two approaches based on the sub-items was fair (weighted kappa 
0.35, 95% CI: 0.27-0.44) (table IV).












nourished 26 17 1 44
Risk of 
malnutrition 25 44 4 73
Malnutrition 0 14 7 21
Total 51 75 12 138
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Figure II: Scatter plot of the full MNA score resident vs. nursing staff
The size of bubbles indicates the frequency when scoring results of both approaches met. 
The lines represent the cut-off values of the three MNA categories.
Agreement between the two approaches was, apart from item H ‘prescription drugs 
???????????????????????????????????????????????????????????????????????????????????????????
form rated as not higher than would have been by chance distribution. Symmetry of 
classification distribution tests revealed, that for item K ‘consumption markers for 
protein intake’ nursing staff provided more points than residents did, while for items H 
‘prescription drugs intake’, L ‘consumption of fruits and vegetables’ and item M ‘fluid 
consumption’, the residents interviews scored higher. With regard to item O 
addressing the estimation of the residents’ nutritional status, results showed a similar 
distribution for the self-estimation and the estimation by the nursing staff. Here, only 
2.2% (nursing staff) and 2.9% (residents) were viewed as malnourished, respectively. 
?????????????? ?????????? ???? ????? ??????????????? ??????? ??? ???? ???? ?????? ??? ????
general health status in item P, more residents than nursing staff assessed their 
health status as better than that of their peers (29.0% vs. 16.7%), depicting a poor 
??????????????????????????III).
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Cognitive status and MNA application
A subanalysis on categorisation by the full MNA was performed for those 49 
residents with a MMSE score of at least 25 points, indicating the absence of 
dementia. The agreement between the two approaches increased to weighted 
????????????????????-0.68).
MNA application and prognosis
The prognostic values of the two modes of application were evaluated with regard to 
mortality during a six-month follow-up period. In total 25 (12.5%) study participants 
deceased during this period. Table V shows the mortality rates for the different MNA 
categories (n=138). 19.0% of the residents categorised as malnourished by one-on-
one interviews and 33.3% of those placed in this category by assessment of the 
nursing staff residents deceased during the follow-up. The association between 
mortality and the categorisation was statistically stronger for the nurses’ assessment 
(nursing staff p<0.001, residents p<0.05; Chi2 test). 




At risk of malnutrition 9.3% 12.3%
Malnutrition 33.3% 19.0%
*Significant trend of increasing mortality across the three ordinal 
MNA score categories (Mantel-Haenszel-Chi²: p < 0.05)
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Discussion
This is the first study in nursing home residents that compared the results of the MNA 
applied by one-on-one interviews with the results obtained when the MNA was 
performed solely by the attending nursing staff. Applicability was different for these 
two approaches, with a lower rate for the one-on-one interviews (69.0% vs. 94.0%). 
The agreement of the results of the two approaches of application was tested for the 
MNA short form and for the full MNA. It was low for both methods, but improved 
when cognitively impaired participants were excluded from analysis. While mortality 
after six months was associated with the MNA results of both approaches, this 
relationship was statistically stronger for the MNA completed by the nursing staff. 
Notably, residents that were unable to complete the MNA in a one-to-one interview 
were in a markedly worse health situation, as 11 of them died during the follow-up 
period (44.0% of the 25 deceased participants).
The low rate of applicability of one-on-one interviews was mainly due to the high 
prevalence of cognitive and linguistic deficiencies that interfered with the completion 
of the MNA. As this screening tool was not designed with a special focus on nursing 
home residents but for frail elderly people in general, this problem was not 
specifically addressed when the MNA was developed in the early nineties (8,9). In a 
relevant number of subsequent studies, residents with cognitive deficits were 
excluded from study participation (16,29,30). Alternatively, MNA completion relied on 
information obtained from close relatives (29), while some authors did not even 
disclose how they dealt with this problem (32,37). In a study on geriatric hospital 
patients that did not exclude those with dementia, an applicability rate of 66.1% was 
reported (20), causes for non-applicability including confusion, advanced dementia, 
post stroke aphasia and apraxia. With regard to the long term care setting, Donini 
(33) reported that all MNA questions were answered completely only in 17.5% of 
cases. Additionally, the authors of this study could not perform the anthropometric 
measurements correctly in 6.2% of cases. In our study, this problem was present in 
only 1% of participants.
In the present study, we aimed at the inclusion of a representative sample of the 
nursing home population. In addition, dementia has to be regarded as one of the 
most relevant comorbidities with regard to malnutrition in the elderly. Therefore, we 
did not exclude residents with dementia from our analyses despite the above 
presented difficulties. The agreement between the interviews and the assessment by 
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nursing staff was low with regard to the results of MNAsf as well as those of the full 
MNA. Likewise, the agreement was low for several of the MNA items that were 
analyzed separately. The observation that the agreement between the two 
approaches improved when those residents were excluded that showed dementia 
according to the MMSE illustrates the relevance of this frequent comorbidity for the 
reliability of MNA categorisation.
While it is obvious that the impairment of memory seen in dementia will generally 
affect the reliability of answers provided by the resident, the MNA questions that 
address the residents` self assessment (items O and P) may be seen as especially 
crucial for the application of the MNA in the nursing home setting. As their living 
space and their personal contacts usually become limited, many nursing home 
residents loose the capability to self-assess their nutritional and general health status 
in comparison to their peers. This observation can be applied not only to those that 
are affected by early stages of dementia, but also to residents with residues after 
cerebral ischemia and to those with Parkinson’s disease. The aforementioned 
problems with regard to the MNA self-assessment items of institutionalized elderly 
persons have been addressed only by few studies yet. In a recent study by Tsai et 
al., the answers provided by interviews with the residents were compared to those 
provided by the attending nurses in a long-term care centre (11), but only in the sub-
group of cognitively competent residents. Results showed that residents assessed 
their nutritional and health status more often as poor and that they were frequently 
insecure about their status than when compared to the nursing staff’s assessment. In 
another study substitution of the two questions addressing self-assessment was 
suggested and tested (33).
In the MNA user guide (38) it is recommended to ask the patient’s caregiver or the 
attending nursing staff member, if the resident himself is not capable to provide an 
adequate answer to MNA questions. But it is not an easy task to decide when to shift 
the MNA application from the interview type to the exclusive assessment by the 
attending nurse or caregiver. In most cases, the resident’s capability to complete the 
MNA in a reliable way will decrease gradually and so it will not be possible to provide 
a clear threshold when the mode of application should be changed. Therefore, we 
suggest that in nursing homes with a high prevalence of dementia, the MNA should 
routinely be completed by the attending nurses. 
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The inter-rater reliability of this mode of MNA application has been tested in two 
studies (31,35). It was proven moderate, respectively good with kappa values of 0.53 
and 0.78. The results for several MNA sub-items were more diverse.
In the original publication on the MNA, all participants classified as “normal” were still 
alive after one year of follow-up, while 24% of the patients “at risk” and 48% of the 
“malnourished” died during this period (36). When assessing the ability of the full 
MNA to predict in-hospital and long-term mortality in old hospitalised patients, 
Kagansky and co-workers found a significant correlation between the full MNA and 
survival rates after 2.7 years (30). Mortality in malnourished participants was 3-fold 
higher than in well-nourished ones (38.7% vs. 12.5%). Persson et al. (34) reported a 
50% mortality rate in malnourished elderly after one year. In the study by Tsai et al. 
(11), it was shown that the MNA by caregiver’s assessment predicted six-month 
follow-up mortality in cognitively impaired elderly. The results of our study add to the 
scarce longitudinal data currently available for MNA application in the nursing home 
setting. In the present study, association with mortality was highest in those 
categorised as malnourished which could be shown for both approaches (table 5). 
Nevertheless, this relationship was statistically more profound for the assessment by 
the nursing staff with a higher positive predictive value. As malnutrition is closely 
related to mortality among the elderly, this observation enforces that the assessment 
by nursing staff is superior.
The lack of applicability of the MNA in residents with percutaneous endoscopic 
gastrostomies (PEG) should not be interpreted as a fault of this screening instrument 
as these residents are commonly regarded as being at risk of malnutrition in any 
case. As a consequence, they are supposed to have a nutritional plan with fixed 
intakes and to be subjected to regular monitoring of their nutritional status. 
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Conclusion
The applicability of the MNA in nursing homes with a high percentage of cognitively 
impaired residents has to be considered as limited if performed by one-on-one 
interviews. As the risk of malnutrition is high in this sub-group and nutritional 
screening in this population has therefore to be regarded as mandatory, we suggest 
that the MNA should be performed routinely by the nursing staff. In this regard, it has 
to be considered that a valid MNA can only be provided by the nursing staff when 
there is thorough knowledge of the different aspects of the resident’s life. With regard 
to the use of the MNA in scientific research, it has to be stressed that authors should 
regularly provide information on the method used for MNA application. This will be 
necessary to ensure the comparability of epidemiological and interventional data in 
the nursing home setting.
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CHAPTER THREE
Specific blood markers of nutritional status in nursing home residents
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Introduction
In the course of aging, the capacity and selectivity of physiological functions is 
continuously decreasing. The extent of this loss of function is different from individual 
to individual; generally, the human body has sufficient reserves to maintain a normal 
metabolism over a long period of time. It is known that body composition is changing 
(loss of muscle mass, increase of fat mass) with increasing age (MORLEY 1997). In 
combination with a decreased physical activity, this leads to lower energy 
expenditure. Consequently, the recommendations for energy intake in the elderly are 
less than for middle-aged adults. The metabolic needs for micronutrients, however, 
are similar to adults or are even higher because of age-associated metabolic 
changes or chronic diseases (DACH 2000). It is, thus, mandatory that elderly 
preferably consume food with low energy but high nutrient density. Unfortunately, this 
guideline is hardly followed in the general older population. Moreover, comorbidities 
may further contribute to impaired absorption, transport, metabolism, and excretion of 
nutrients (DREWNOWSKI AND SCHULTZ 2001).
Altogether, this leads to an increased risk of malnutrition in frail and dependent 
elderly people. It is known that an inadequate endogenous availability of micro-
nutrients reduces quality of life and functionality, and contributes to enhanced 
morbidity and mortality rates (BROWNIE 2006). To detect special needs of population 
groups, as for example the elderly, the assessment of the micronutrient status is 
mandatory and provides a basis for recommendations in regard to early recognition 
and counteraction of deficiencies.
Different methods are available to determine individual micronutrient status. The
measurement of blood parameters is an invasive and expensive, but also exact 
method to analyze the nutritional status of a person in general or with regard to a 
specific nutrient or vitamin. In several studies, a low serum status or a low intake of 
micronutrients of the community-dwelling elderly was associated with a decrease in 
different parameters, such as functionality, cognition and an increase of morbidity 
and mortality (BARTALI ET AL. 2008, BARTALI ET AL. 2006, BLE ET AL. 2006, BUIJSSE ET 
AL. 2005, CESARI ET AL. 2004, FLETCHER ET AL. 2003, HOUSTON ET AL. 2007, MORRIS ET 
AL. 2002, SEMBA ET AL. 2006). Longitudinal data on nursing home residents regarding 
the monitoring of nutrient blood level are scarce. Moreover, the associations between 
nutritional blood status, functional parameters, and mortality are not known in this 
group of elderly. 
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This study, thus, aims at describing the nutrient blood status of ?-tocopherol, retinol, 
vitamin D, ß-carotene, folate, vitamin B12 and albumin in elderly nursing home 
residents at the beginning of the study (t0) and after one year of observation (t12, with 
regard to ?-tocopherol, retinol, vitamin D, ß-carotene), also focusing the prevalence 
of nutrient deficiencies. The nutrient status of tube-fed residents and normally fed 
residents was compared. Furthermore, the study aims at analyzing associations 
between nutrient blood levels, functionality and mortality in this population.
Methods
Subjects
All residents (age > 65 y.) of two municipal nursing homes in Nuremberg, Germany, 
were approached to participate in the present study between June 2007 and 
December 2008. Residents with end-stages diseases were excluded. Informed
consent was obtained from all participating residents or their legal proxies. The study 
protocol was approved by the ethics committees of the Friedrich-Alexander-
University of Erlangen-Nuremberg, Germany, and the Rheinische Friedrich-Wilhelms-
University of Bonn, Germany. 
Baseline characteristics
All general data, including information about gender, age, care level, smoking habits 
and PEG feeding, were collected from the nursing staff or the residents’ files. 
According to the German system (2007) the level of care is either level 0 (no need of 
care yet), 1 (low), 2 (high) or 3 (highest care needs). A physician recorded type and 
number of medications from the medical files. The cognitive status of each participant 
was evaluated using the Mini Mental State Examination (MMSE) (FOLSTEIN ET AL.
1975). The emotional status was tested by the short form of the Geriatric Depression 
Scale (15 questions) (SHEIK AND YESAVAGE 1986), validated by Lesher and Berryhill in 
1994 (LESHER AND BERRYHILL 1994).
Nutrition related clinical symptoms
Information on wound healing disorder, decubitus ulcer, exsiccosis, oedema, nausea, 
vomiting, constipation, diarrhoea and the presence and degree of anorexia, 
swallowing and chewing difficulties were recorded as assessed by nursing staff. 
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Morbidity
A physician of the study team recorded all chronic and acute diseases as well as 
type and number of medications from the medical files. 
General nutritional status - MNA and anthropometry
The nutritional status was determined by the Mini Nutritional Assessment® (MNA, 
MINI NUTRITIONAL ASSESSMENT 2009), a screening tool specifically developed for the 
identification of malnutrition or its risk the elderly (GUIGOZ ET AL. 1994, GUIGOZ ET AL.
1996, BAUER ET AL. 2008). Except for its anthropometric items, the MNA was 
performed by the nursing staff, due to the high prevalence of cognitive impairment of
the participants. 
Anthropometric assessment performed by a nutrition scientist included body mass 
index (BMI), mid-arm circumference, calf circumference and triceps skinfold 
thickness. BMI was calculated by weight (kg) (to the nearest 0.1 kg with a weigh chair 
type Arjo CFA 2000) divided by body height squared (m²). Height measurement was 
carried out by measuring knee height, using a knee height caliper from the Austrian 
Society of Clinical Nutrition (AKE), according to the method described elsewhere 
(CHUMLEA ET AL. 1985). The corresponding body height was calculated using the
formula of Chumlea et al. (CHUMLEA ET AL. 1998). Measurements of mid-arm 
circumference and calf circumference were carried out with a flexible measuring tape 
and were recorded to the nearest 0.1 cm. Mid-arm circumference was measured on 
the left side at the mid-point between the tip of the shoulder and the tip of the elbow 
between olecranon process and acromion. Triceps skinfold thickness was 
determined at the same position with a GPM skinfold caliper to the nearest 0.2 mm 
(DKSH Switzerland Ltd.). Calf circumference was measured in a supine or sitting 
position on the left side at the widest point without compressing the subcutaneous 
tissue. The mean value from two consecutive measurements was recorded for all 
parameters. Participants with enteral nutrition were noted by the study team.
Functional parameters
Measurement of handgrip strength (HGS) was carried out using a vigorimeter (by 
Martin, Tuttlingen, Germany), recording to the nearest 0.2 kPa. For the timed ‘up and 
go’ test (TUG), the residents were asked to stand up from an armchair, to walk three 
meters, turn around, return to the chair, and sit down again. The time needed was 
measured to the nearest full second. The Index of activities of daily living (ADL) 
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according to Barthel (MAHONY AND BARTHEL 1965) was recorded by the nursing staff. 
Residents with a score between 65 and 100 points were considered as independent, 
residents with a score between 35 and 60 points in need of assistance and residents 
scoring < 35 points were considered to require a high level of care.
Specific markers of nutritional status - Blood analyses 
Fasten blood samples were taken in EDTA tubes in the morning between 6:30 and 
8:00 a.m. Within one hour, the blood was centrifuged, the plasma obtained aliquoted
and stored at -80°.
Serum folate, B12, cholesterol and albumin were processed similar to EDTA tubes
and analyzed at the Institute of Clinical Chemistry and Laboratory Medicine of the 
Clinic Nuremberg. Measurement of folate was performed on the Cobas e 601 
immunoanalyzer with the folate III assay (Roche Diagnostics Mannheim, Germany). 
Vitamin B12 was measured on the Cobas e 601 immunoanalyzer with the vitamin B12
assay (Roche Diagnostics, Mannheim, Germany). Both methods are based on an 
electrochemiluminescence immunoassay method (ECLIA). Cholesterol was 
measured with the Cholesterol-oxidase method on an Olympus Clinical Chemistry 
analyzer AU 2700 (Olympus, Hamburg, Germany).
Albumin was measured nephelometrically on an Image Nephelometer (Beckman 
Coulter, Krefeld, Germany).
25(OH)D was analyzed by ELISA (Immuno Diagnostic Systems Ltd, Germany). ?-
tocopherol, ß-carotene and retinol in plasma were analyzed by HPLC according to
VUILLEUMIER ET AL.1983. Briefly, 400 µl of plasma were mixed with the same amount 
of ethanol to precipitate protein. Subsequently, vitamins were extracted with 200 µl n-
hexane. The hexane phase was analyz??? ??? ??????? ??-tocopherol, retinol) and at 
450 nm (ß-carotene) after separation on a nucleosil 100-5 CN, 250x4.0 mm column 
(Macherey and Nagel, Dueren). For quantification, apo-ß-carotenal was used as an 
internal standard. Cut-off values to define a low blood level were applied as follows:
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Vitamin D < 10 nmol/l: severe vitamin D deficiency, 10-< 25 nmol/l: 
moderate deficiency, 25-< 50 nmol/l: light deficiency, 
50-< 75 nmol/l: still suboptimal, 75 nmol/l: optimal status
(LIPS ET AL. 2006, BISCHOFF-FERRARI ET AL. 2006, ZITTERMANN 
2006, BASHA ET AL. 2000, PEACOCK 1993)
Albumin > 60 years < 3.4 mg/dl; > 70 years < 3.3 mg/dl
> 80 years < 3.1 mg/dl; > 90 years < 3.0 mg/dl
(JOHNSON ET AL. 1996)
Retinol < 1.34 µmol/l men, < 1.02 µmol/l women (HESEKER ET AL. 1992)
ß-carotene < 0.18 µmol/l (HESEKER ET AL. 1992)
Vitamin B12 < 141 pmol/l (kit manufacturer, Roche Diagnostics,
Mannheim, Germany)
Folate < 7.5 nmol/l (WRIGHT ET AL 1998)
?- tocopherol < 17.7 µmol/l (HESEKER ET AL. 1992)
?- tocopherol/
cholesterol ratio < 2.2 µmol/mmol (MORRISSEY ET AL. 1993)
Follow-up examination
All questionnaires, geriatric assessments, measurements of anthropometry and 
functionality and the analysis of blood samples, except for vitamin B12, folate, 
cholesterol and albumin, were repeated after twelve months (t12). Data on 
supplementation of vitamin D during the study period and data on mortality within one 
year of observation were collected from the residents’ medical records. 
Statistics
Statistical analysis was performed using SPSS© version 17.0 (SPSS for Windows, 
SPSS Inc., Chicago, IL, USA) Results are given in mean ± standard deviation (SD) in 
normally distributed data, as median and range (5th-95th percentile) and in box plots
in non-normal distributed data. T-tests for independent and dependent samples, 
respectively, were used to compare differences in variables between baseline and 
follow-up or between different groups, in case of normally distributed data. Non-
normal distributed variables of dependent variables (t0 and t12) were compared using 
the Wilcoxon-signed-rank test. Non-normal distributed variables of two independent 
variables (deceased and survivors) were compared using the Mann-Whitney-U test. 
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Non-normal distributed variables of n independent variables were compared using 
the Kruskall-Wallis test. The Chi2 test was used to test whether or not an observed 
frequency distribution differs from a theoretical distribution. The correlations among 
continuous variables were assessed using the Spearman-Rho correlation coefficient.
Statistical tests were performed two-sided. Chi2 trend test was used to test the 





Table VI presents summarized baseline characteristics (gender, age, MMSE, GDS 
and MNA score, anthropometric and functional measurements) of the 200 
participants (participation rate: 62%). General data of all participants in t0 regarding 
the level of care, number of regular taken drugs including supplements, smoking 
habits, and the prevalence of tube-feeding (PEG), as well as nutritional status-
dependent symptoms (e.g. wound healing disorder) and symptoms which influence 
the nutritional status (e.g. nausea, vomiting, etc) are presented in table VII.





Age [y] 85.5 (±7.8)° 200
MMSE [points/ max. 30] 19 (0-29)+ 183
GDS [points/ max. 15] 4.5 (0.2-12.0)+ 142
MNA [points/ max. 30] 21.5 (13.7-27.0)+ 188
BMI [kg/m2] 26.3 (±5.3)° 200
MAC [cm] 28.5 (±4.5)° 200
CC [cm] 32.7 (±5.0)° 197
Handgrip strength [kPa]
women 36.8 (±19.3)° 116
men 41.9 (±16.7)° 48
Timed ‘up & go’ [sec] 26 (12-61.9)+ 85
ADL [points/100] 45 [0-90]+ 200
+median (5th-95th percentile), °mean (±SD)
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current smoker 6 3.0
PEG 11 5.5
Symptoms relating/influencing nutritional status
Wound healing disorder 11 5.5
Decubitus ulcers
degree 1 4 2.0
degree 2 1 0.5
degree 3 6 3.0




























Out of 200 nursing home residents, 76.5% suffered from hypertension, 74.0% from 
heart failure and 36% from diabetes mellitus. Figure III shows the prevalence of the 
most frequent chronic diseases in nursing home residents. In median, participants 
suffered from four diseases concomitantly.
Follow-up
Forty-seven residents deceased within one year, 14 dropped out. In several residents 
only incomplete assessments were possible. Baseline characteristics and follow-up 
data of the survivors are opposed in table VIII. MMSE score, MAC, CC and HGS
(only women) showed a significant decline within twelve months.
Table VIII: Baseline and follow-up characteristics of survivors 
Parameter to t12 n p
Gender   women 115
men 38
Age [y] 85.2 (±8.3) 153
MMSE [points/ max. 30] 20 (0-29)+ 19 (0-30)+ 123 §0.001
GDS [points/max. 15] 4.0 (0-12.0)+ 4.0 (1-11.3)+ 93 §0.640
MNA [points/max. 30] 22 (14.0-27.3)+ 21.5 (11.7-27.0)+ 127 §0.363
BMI [kg/m2] 26.8 (±5.4)° 26.6 (±5.8)° 139 #0.281
MAC [cm] 28.9 (±4.5)° 27.5 (±4.4)° 135 #0.000
CC [cm] 33.2 (±5.1)° 32.8 (±5.4)° 132 #0.020
Handgrip strength [kPa]
women 38.5 (±19.1)° 34.8 (±20.9)° 79 #0.004
men 41.8 (±17.1)° 40.7 (±19.4)° 31 #0.264
Timed ‘up & go’ [sec] 24 (10.7-46.5)+ 26 (10.5-53.0)+ 49 §0.360
ADL [points/100] 45 (0-90)+ 40 (0-90)+ 139 §0.280
+median (5th-95th percentile), °mean (± SD), §Wilcoxon-signed-rank or #t-test
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Specific markers of nutritional status
Blood was taken from 186 residents at t0. The highest rate of deficiency (< 25 nmol/l) 
was calculated for vitamin D (68.3%); only 0.5% of the participants had an 
????????????-tocopherol/cholesterol ratio (table IX and figure IV). Figure V presents 
the number of deficiencies per resident. The majority showed a deficiency of one of 
the observed blood markers. No resident showed low levels in all seven analyzed 
parameters, 15.7% of the residents had no deficiency.
%
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Table IX: Cut-off values and prevalence of low nutrient
levels respectively nutrient deficiencies at t0
Cut-offs Prevalence %
25(OH)D [nmol/l] < 25.0 68.3
Retinol [µmol/l] men < 1.34 47.1
Albumin [g/dl] Age-adapted 26.0
Retinol [µmol/l] women < 1.02 17.0
ß-Carotene [µmol/l] < 0.18 9.7
B12 [pmol/l] < 141 8.6
Folate [nmol/l] < 7.5 6.5

























m male, f female
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Follow-up data
In 120 residents, blood samples could be taken after one year. A second analysis
was accomplished for retinol, ß-?????????? ???????? ?? ???? ?-tocopherol. Due to 
financial reasons no second blood analysis was done for albumin, vitamin B12, folate 
and cholesterol.
Retinol levels decreased significantly within one year, as well as the vitamin D level 
of residents not receiving vitamin D supplementation. Contrary, the vitamin D level of 
residents who supplemented this vitamin (22%) increased significantly (table X). 
Blood levels of vitamin D, retinol, ß-????????? ???? ?-tocopherol at t0 and t12 of 
residents with blood sampling at both points of time are presented in figure VI.
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Table X: Blood parameters in t0 and t12
Nutrient t0° n t12° n p
$
Retinol [µmol/l] 1.53 (0.7-2.7) 186 1.38 (0.6-2.5) 121 0.029
25(OH)D [nmol/l] all 20.8 (12.4-67.5) 186 21.8 (10.3-106.7) 121 0.102
no supplementation 20.7 (12.5-55.5) 145 17.8 (9.5-59.5) 88 0.000
supplementation (t0-t12) 20.8 (11.7-144.6) 41 79.6 (28.2-128.5) 33 0.000
ß-Carotene [µmol/l] 0.55 (0.13-1.29) 186 0.6 (0.1-2.1) 120 0.648
?-Tocopherol [µmol/l] 29.1 (16.5-52) 186 30.9 (16.3-47.1) 121 0.927
Folate [nmol/l] 14.2 (6.8-44.3) 185 not available - -
B12 [pmol/l] 267.8 (125.8-424.8) 185 not available - -
Cholesterol [mmol/l] 5.3 (3.5-7.3) 185 not available - -
?-Tocopherol [µmol]
Cholesterol [mmol]
5.5 (3.6-8.9) 185 not available - -
Albumin [g/dl] 3.4 (2.7-4.1) 185 not available - -
°data are given in median (5th-95th percentile), $Wilcoxon-signed-rank test, comparison of the 
residents’ data available for both times





11 residents were fed by PEG. Table XI shows the analysis of the nutrient blood level 
of tube-fed residents in comparison to non-tube-???? ??????????? ???? ?-
tocopherol/cholesterol quotient showed a significantly higher value in the tube-fed 
population. Cholesterol was significantly lower. Furthermore, 25(OH)D and the folate 
level were significantly higher in residents with PEG. Four of the tube-fed residents 
deceased during the study. There were no significant differences of mortality 
between tube-fed and oral-fed residents (Chi2-test, p=0.357).
Table XI: Comparison of blood level (non tube-fed vs. tube-fed)
Nutrient Non-tube-fed° n tube-fed° n p$
Cholesterol [mmol/l] 5.4 (3.5-7.7) 174 4.7 (2.6-5.8) 11 0.011
?-tocopherol [µmol]
Cholesterol [mmol] 5.4 (3.6-8.5) 174 6.9 (5.9-9.6) 11 0.000
25(OH)D [nmol/l] 20.3 (12.3-63.9) 174 53.8 (27.4-73.0) 11 0.000
Folate [nmol/l] 14.0 (6.7-37.2) 174 33.6 (22.2-48.3) 11 0.000
?-tocopherol [µmol/l] 28.8 (16.1-53.8) 174 32.1 (18.6-41.9) 11 0.247
Retinol [µmol/l] 1.42 (0.7-2.7) 174 1.6 (0.7-2.8) 11 0.763
ß-carotene [µmol/l] 0.55 (0.13-1.28) 174 0.71 (0.07-3.7) 11 0.568
B12 [pmol/l] 266.0 (124.3-586.2) 174 298.1 (139.4-618.1) 11 0.146
Albumin [g/dl] 3.4 (2.7-4.1) 174 3.2 (2.7-4.1) 11 0.295
°data are given in median (5th-95th percentile), $Mann-Whitney-U test (exact)
Comparison of survivors and non-survivors
Table XII presents the blood levels at t0 of the surviving and deceased residents. A 
higher level of nutrient status in the group of survivors, except for ß-carotene and 
vitamin B12 levels was observed but without reaching statistical significance. Figure 
VII shows the prevalence of low levels, stratified for surviving and deceased 
residents at t0. No significant difference was observed (Chi
2-test, p>0.05).
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Table XII: Nutrient status of deceased and survivors at t0
Nutrient Survivors° n Deceased° n p$
?-Tocopherol [µmol/l] 29.3 (16.9-52.9) 139 28.0 (15.6-53.2) 46 0.470
?-Tocopherol [µmol]
Cholesterol [mmol]
5.5 (3.6-9.6) 139 5.5 (3.9-8.6) 46 0.943
Cholesterol [mmol/l] 5.4 (3.5-7.7) 139 5.1 (3.2-7.1) 46 0.584
?????????????/ml] 1.5 (0.7-2.8) 139 1.4 (0.7-3.5) 46 0.201
ß-C??????????????l] 0.5 (0.1-1.3) 139 0.6 (0.1-1.2) 46 0.602
25(OH)D [nmol/l] 21.3 (12.4-75.2) 139 18.4 (11.6-53.1) 46 0.131
Folate [nmol/l] 14.2 (7.0-45.9) 139 14.0 (6.6-38.0) 46 0.348
Vitamin B12 [pmol/l] 266.3 (123.2-645.6) 139 290.3 (140.0-578.7) 46 0.134
Albumin [g/dl] 3.4 (2.7-4.1) 139 3.3 (2.7-4.1) 46 0.273
°median (5th-95th percentile), $Mann-Whitney-U test (exact)
Figure VII: Prevalence of low blood levels (survivors vs. deceased) at t0
Vitamin D and survival 
68.3% of the residents showed 25(OH)D level between 10 - < 25 nmol/l, 22.6% 
showed higher levels between 25 - < 50 nmol/l. Levels between 50 - < 75 nmol/l or 
> 75 nmol/l were determined for 5.4% and 3.8% respectively. No resident suffered 
from severe vitamin D deficiency (< 10 nmol/l). The cumulative survival of these 
























Figure VIII: Survival (cum.) in the vitamin D groups (t0)
Functionality and blood level
25(OH)D level was significantly associated with handgrip strength (Spearman’s Rho 
0.219; p=0.007) and Barthel-ADL score (0.197; p=0.007). Similarly, a significant 
correlation has been observed between retinol status and Barthel-ADL score (0.161; 
p<0.05) as well as folate and the time needed in the timed ‘up and go’ test (-0.299; 
p<0.05). Additionally, handgrip strength and ADL were significantly correlated with 
albumin status (0.263; p<0.001 and 0.351; p<0.001).
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Discussion
To my knowledge, this is the first longitudinal study without interventional approach,
analyzing specific nutritional blood markers of nursing home residents and relating 
these data with parameters of functionality and mortality.
Current cross-sectional studies generally confirm an adequate supply of most 
micronutrients (vitamins and minerals) in elderly people living in the community (BLE 
ET AL. 2006, SEMBA ET AL. 2006, VOLKERT AND STEHLE 1999). Insufficient serum levels 
have only been observed for vitamin D, B12 and folate (SEMBA ET AL. 2006,
BJOERKEGREN AND SVAERDSUDD 2001, BAIK AND RUSSELL 1999, BISCHOFF ET AL. 1999,
KARG AND GEDRICH 1996). Data on the micronutrient status of elderly nursing home 
residents are available (GONZALEZ-GROSS ET AL. 2007, MONGET ET AL. 1996, SAHYOUN 
ET AL. 1988, HARRILL AND CERVONE 1977), but scarce. So far, most attention has been 
given to community-dwelling elderly or to an interventional approach (MOREIRA-
PFRIMER ET AL. 2009, BARTALI ET AL. 2008, BROE ET AL. 2007, BLE ET AL. 2006, SEMBA 
ET AL. 2006, BUIJSSE ET AL. 2005, BISCHOFF-FERRARI ET AL. 2004). Generally, 
institutionalized elderly showed lower blood levels of nutrients in comparison to 
independent living elderly (LOEWIK ET AL 1992).
Description of blood levels
In the context of the following description of nutritional blood markers it has to be 
taken into account, that the present study is limited by missing data about nutritional 
intake. Consequently, no statement can be given regarding the influence of nutrient 
intake on blood level. 
In the present study, the highest prevalence of blood level deficiency was shown for
vitamin D. An increased prevalence of vitamin D deficiency with increasing 
dependency was already shown before (PAPAPETROU ET AL. 2008). The mean vitamin 
D level was lower than in several previous nursing home studies (BROE ET AL. 2007,
WOUTERS-WESSELING ET AL. 2002, ALLSUP ET AL. 2004, PEREZ-LLAMAS ET AL. 2008). 
Community-dwelling, independent living elderly show higher levels of vitamin D 
(HOUSTON ET AL. 2007, BISCHOFF ET AL. 1999, BISCHOFF-FERRARI ET AL. 2004, BARTALI 
ET AL. 2006, HESEKER ET AL. 1992) and lower prevalence of vitamin D deficiencies,
respectively (VISSER ET AL. 2006), which might be explained by the higher physical 
performance of these elderly and the resulting greater ability to go outside. In the 
present study, supplementation of vitamin D, resulted in significantly increased 
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25(OH)D levels. This positive effect of supplementation has already been shown in 
several nursing home studies (KUWABARA ET AL. 2009, HIMENAO ET AL. 2009, LIPS ET 
AL. 1988) and the community as well (LIPS ET AL. 1988, HARRIS AND DAWSON-HUGHES 
2002). 
Vitamin D is involved in the pathogenesis of osteoporosis and additionally influences 
muscle function. The present results (‘functionality and blood level’) confirm the 
association of higher vitamin D levels with functionality, displayed by higher handgrip 
strength and ADL-score, which has already been observed in previous studies 
(HOUSTON ET AL. 2007, BISCHOFF-FERRARI ET AL. 2004). Comparable with a vicious 
circle, nursing home residents show a higher risk of low vitamin D levels due to lower 
functional ability, which may influence their time spent outside vice versa; because 
UV-light is necessary for vitamin D synthesis, this might again reinforce the low 
vitamin D level and therefore contribute to a decline in muscle function (HOLICK 
1998). Additionally, the concentration of 7-dehydrocholesterol, the precursor of 
vitamin D3 in the skin, decreases with age and therefore reinforces low vitamin D 
concentrations in blood as well (HOLICK AND CHEN 2008).
In other studies, different mean vitamin D levels were observed in the annual
comparison due to this seasonal dependency of ultraviolet radiation (PEREZ-LLAMAS 
ET AL. 2008). The present nursing home residents also showed a significant decline in 
vitamin D levels within one year, which might either be explained by a decline in 
functionality or a decline in reserves. Seasonal influences can be disregarded in this 
case due to the continuous process of blood withdrawals in all participants and the 
individual distance of 12 months.
The association of lower vitamin D levels with higher mortality rates (VISSER ET AL.
2006, ZITTERMANN ET AL. 2009) has been confirmed by the present study (see figure 
VIII), which might be explained by several reasons. It has been shown that low 
vitamin D levels are associated with two aspects. First, lower functionality may 
increase the risk for fractures due to falls, representing a predictor of a bad outcome. 
Secondly, there is an association of vitamin D deficiency and several chronic 
morbidities such as cardiovascular diseases, osteoporosis, and diabetes (BISCHOFF-
FERRARI ET AL. 2004, BISCHOFF-FERRARI ET AL. 2008, KILKKINEN ET AL. 2009, HOLICK 
2004, SCRAGG ET AL. 2004), which also increases the risk of death. In addition to the 
high prevalence of chronic diseases in nursing home residents, another fact may 
explain the association between low vitamin D levels and mortality. During the 
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terminal phase of life, elderly people often show a low nutritional intake and relevant 
weight loss, resulting in an exhaustion of vitamin reserves. Furthermore, nursing 
home residents are characterized on all accounts by higher mortality compared with 
community-living persons due to the high age, the high prevalence of chronic 
diseases as well as highly relevant cognitive and physical deficits.
Compared to the present study, higher retinol levels and a lower prevalence of retinol 
deficiency have been shown in healthy adults (GARRY ET AL. 1987, HESEKER ET AL.
1992), free-living elderly volunteers (PANEMANGALORE AND LEE 1992) and in older frail 
and non-frail community-dwelling women (SEMBA ET AL. 2006). The present results 
reveal retinol levels that are similar to those described for very old, independently 
living older people in Germany (VOLKERT ET AL. 1992). One hypothesis is that the high 
prevalence of retinol deficiency indicates a low intake of fresh fruit and vegetables, 
which is a typical problem in nursing homes, which might be explained by the one-
sided preference of older people regarding food choice or the presence of chewing 
and swallowing problems, especially with hard and fresh meals. Additionally, fresh 
vegetables are more expensive for the nursing homes and handling is more time-
intensive, as it cannot be stored over a long period. This hypothesis may also explain 
the lower prevalence of retinol deficiency shown in several French nursing homes, 
where only ?????? ??? ?????? ???? ?????? ??? ???? ??????? ??????? ?????? ???? ?????
(corresponds to 20.2% in the present study using the same cut-off) (MONGET ET AL.
1996), possibly caused by a more Mediterranean food pattern and different food 
habits in France, which might be more rich in fresh fruit, vegetables and giblets.
The observed differences between the prevalence of low retinol levels in men and 
women in the present study could also result from greater awareness of women to 
consume more fresh fruit and vegetables, often displaying a greater health 
consciousness. However, this hypothesis was not confirmed in French nursing home 
residents with higher prevalence of retinol deficiency in women (MONGET ET AL. 1996). 
Furthermore, our results show that higher retinol and folate levels were associated 
with functional parameters, which strengthens the hypothesis that a good nutritional 
situation is associated with higher physical performance. 
To interpret the albumin status, age-related serum levels within less than 3.0 and 
less than 3.4 g/dl were used as age-adjusted cut-offs for a low status, which was 
present in 26% of the residents (see table IX). In institutionalized elderly a lower level 
of albumin has been observed than in their free-living counterparts (SAHYOUN ET AL.
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1988). When 3.5 g/dl was used as a cut-off point, Pauly and co-workers found 
prevalence rates between < 5% and 58% in nursing home residents worldwide 
(PAULY ET AL. 2007). In the present study, albumin was measured as an indicator of 
the protein status. In addition to the nutritional status of the patient, albumin levels 
are influenced by inflammatory processes, as protein levels decrease in case of 
acute disease (BAUER ET AL. 2006). It has also been shown that low serum albumin 
levels were associated with an increased risk of infection, decubitus ulcers, 
prolonged nursing home stays and mortality (MORLEY AND SILVER 1995). Even though 
albumin is discussed as rather less appropriate predictor for protein status in the 
literature, analysis showed that it was positively associated with handgrip strength 
and ADL-score as functional indicators in the present study. Apart from the good 
nutritional status indicated by most of the measured nutrients, as well as by the 
calculated mean of BMI, protein seems to be one of the most problematic nutrients in 
this setting, as underlined by the observed rather low medium values. 
Data on ß-carotene in nursing home residents are scarce; present studies in 
community-dwelling elderly, focusing the intake of ß-carotene or total carotenoid 
plasma level, i.e. in the SENECA study, found plasma levels between 0.28 and 0.69 
??????? in European elderly (BUIJSSE ET AL. 2005). In the present study, 9.7% of the 
residents showed a deficiency of ß-carotene with levels below 0.18 µmol/l (see table 
IX). Due to the different population, this was, as expected, a higher rate than 
described for healthy adults (6.6%) (HESEKER ET AL. 1992).
Vitamin B12 deficiency is highly prevalent in elderly people. Multimedication is 
regarded as one main contributing factor for B12 deficiency in older people, due to a 
decreased absorption of this micronutrient emerging from the complex absorption 
process, in which the intrinsic factor of the gastric acid is included (STROEHLE ET AL.
2004). In the present study, 8.6% of the residents showed a low B12 level (see table 
IX), which is higher than the prevalence of 3%, which was found in a healthy older 
population. In this study, a higher cut-off point of approximately 162 pmol/l was used 
(GARRY ET AL. 1984). The mean level was comparable to free-living adults (NG ET AL.
2009) but lower than the mean level of healthy adults in the VERA-study (HESEKER ET 
AL. 1992). Baik and Russell reported prevalence rates between 3% and 40.5% in 
elderly across all settings, depending on the applied diagnostic criteria (BAIK AND 
RUSSELL 1999). In the literature, vitamin B12 deficiency is associated with an 
increased risk of neurodegenerative diseases (ALLEN ET AL. 1998), as well as 
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pernicious anemia (BAIK AND RUSSELL 1999). Also it was shown that a replacement of 
B12 can increase cognitive function (VAN DYCK ET AL. 2009). The discussion on the 
cut-off value for B12 deficiency is ongoing; it was reported that a cut-off value of 
200 pg/ml might be too low and may underestimate the B12 deficiency frequency. 
With a cut-off value of 350 pg/ml (258 pmol/l), as used in the Framingham study, 
which included free-living elderly aged 67 to 96 years, deficiency was determined for 
40.5% (BAIK AND RUSSELL 1999). By using the lower cut-off value of 148 pmol/l, the 
prevalence rate decreased to 5.3%. In a mixed population of nursing home residents 
and free-living elderly, a prevalence of 20% was shown, using a cut-off rate of 
<150 pmol/l. However, the sub-group of nursing home residents showed a higher
prevalence of deficiency than the group of free-living elderly (BATES ET AL. 2003). A 
prevalence of 8.6% of B12 deficiency was shown in the present study using a cut-off 
point of 141 pmol/l. By using a cut-off value similar to a study in Spanish nursing 
home residents (< 200 pg/ml), prevalence increased to 9.2% in the present study, 
which was still lower than 15.8% as described for the Spanish nursing home 
population (GONZALES-GROSS ET AL. 2007). A higher prevalence of B12 deficiency in 
nursing home residents might be explained by the high consumption of drugs in this 
population, being characterized by chronic diseases, as confirmed in the present 
study.
Folate deficiency was lower (6.5%) in the present nursing home residents than in 
Dutch residents (28%) (LOEWIK ET AL. 1992) and obviously higher in comparison to 
free-living elderly with no deficiency, however, here the cut-off value was set lower 
(SCHLETTWEIN–GSELL ET AL. 1999). The measured mean folate level was higher than 
previously shown in nursing home residents (WOUTERS-WESSELING ET AL. 2002,
ALLSUP ET AL. 2004). Spanish nursing home residents showed comparable 
(GONZALEZ-GROSS ET AL. 2007) and US residents and US free-living elderly showed 
higher folate levels (SAHYOUN ET AL. 1988, SEMBA ET AL. 2006). German adults from 
the VERA study showed similar levels (HESEKER ET AL. 1992). As folate intake is often 
described as insufficient in Europe, the low prevalence of folate deficiency in the 
present study can be regarded as delectable.
?????-tocopherol levels were comparably high to those in community-dwelling elderly 
(CESARI ET AL. 2004, BLE ET AL. 2006, BUJSSE ET AL. 2005) and adults (HESEKER ET AL.
1992), and even higher than in free-living elderly Americans (PANEMANGALORE AND 
LEE 1992) and moderately to severe disabled community-dwelling women (SEMBA ET 
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AL. 2006). Deficiency prevalence was comparable to French nursing home residents 
????????????????????????????-tocopherol (MONGET ET AL. 1996). It has been described
that a balanced diet offers a sufficient amount of 10-15 mg/d vitamin E when 
vegetable oils are consumed (BIESALSKI ET AL. 1995). Unfortunately, the nutritional 
intake was not assessed in the present study, but it may be presumed that the intake 
of vegetable oil applies to German food habits also in frail elderly. Fortunately, only 
???????????????????????????????????????-tocopherol ratio. This data was confirmed by 
nursing home residents in France (MONGET ET AL. 1996).
Enteral feeding
The prevalence of PEG was relatively low (5.5%) and slightly lower than present in 
German nursing homes with 6.6% (WIRTH ET AL. 2009) and the European mean of 
5.9% detected in the NutritionDay in nursing homes in 2007 (VALENTINI ET AL. 2009). 
Data on the nutrient blood levels of tube-fed nursing home residents are scarce. In 
the present study, significantly higher values of vitamin D and folate have been 
shown in these residents. The tocopherol/cholesterol ratio was better than in 
residents with normal food, too. A significantly lower cholesterol level was found in 
nasogastric-fed patients with advanced dementia in the community (ALVAREZ-
FERNÁNDEZ ET AL. 2005). While the present study did not show any significant 
differences between the albumin levels, Breslow and co-workers found a significantly
higher albumin level of 37 g/l in non-tube-fed nursing home residents compared with
tube-fed patients (33 g/l) (BRESLOW ET AL. 1991). In a Cochrane Collaboration review, 
data in this regard were inconsistent (SAMPSON ET AL. 2009). Most of the residents 
showing severe chewing or swallowing difficulties in the present study were fed by 
PEG. Enteral nutrition aims to assure an adequate supply of all nutrients in these 
residents, which is confirmed by the present data. Compared with cognitive impaired 
non-tube fed residents, the problem of an insufficient nutritional intake is solved
thereby. Although a better nutritional status, which should be the target of enteral 
feeding, seems to be associated with survival, there was no significant difference of 
mortality in those two groups in the present study. Alvarez-Fernández found an 
increased relative risk for mortality in nasogastric-fed patients with advanced 
dementia (ALVAREZ-FERNÁNDEZ ET AL. 2005). However, the ethical discussion on the 
effect of enteral nutrition on quality of life, functionality and mortality in demented 
patients is ongoing (SAMPSON ET AL. 2009).
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Follow-up blood levels
Vitamin D and retinol level significantly decreased within one year of observation 
while all other nutrient blood levels remained stable. In addition to the above-
mentioned hypotheses on the decline of vitamin D levels, the drop of retinol may also 
be explained by the decline in the functional and cognitive ability in this population, 
possibly being associated with one-sided nutrition, poor in retinol. Comparable data 
are not yet available.
Blood markers and mortality 
Nutrient levels of survivors showed only a tendency to be higher than in residents 
who deceased during the study, except for the ß-carotene and vitamin B12. Studies 
considering nutrient status and survival were published for the risk of cancer in adults 
(STAEHELIN ET AL. 1991) and for non-institutionalized elderly (SAHYOUN ET AL. 1996)
but not in nursing home residents yet, due to the lack of longitudinal studies in this 
setting. One hypothesis for this result is, on the one hand, the association of a better 
nutritional situation in elderly people with survival, which has been shown in several 
studies before (DE GROOT AND VAN STAVEREN 2002, CHAN ET AL. 2010, SAHYOUN ET AL.
1996). On the other hand, low nutrient levels may be a consequence of low 
nutritional intake, which often leads to death, or displays a precursor of death. Due to 
the non-significant results of the present study in this regard, it may be stated that 
existing nutrient resources, especially in lipid-soluble vitamins and albumin, which 
can be stored for a long period, lead to only a trend between nutrient status of 
survivors and deceased being shown in this population.
Blood level and functionality
The association of vitamin D and albumin levels with higher functional abilities have 
already been explained by the present data as aforementioned as well as in several 
studies. Significant correlations between retinol level and ADL score and the folate 




In the present study an adequate mean level of all analyzed nutrients except for 
vitamin D was shown. The prevalence of blood marker deficiency was highest for
vitamin D, retinol and albumin. In comparison to most community living elderly, the 
prevalence of deficiency of nutritional blood markers was higher in nursing home 
residents. Malnutrition is often associated with frailty and increased dependency,
which is highly present in nursing home residents. This fact may also be the reason 
for the significant decline of several specific blood markers within one year of follow-
up.
Percutaneous endoscopic gastrostomy fed residents showed significant higher levels 
of vitamin D- and folate as well as a higher ?-tocopherol/cholesterol ratio. With 
artificial nutritional support an adequate supply of macro- and micronutrients in 
elderly with cognitive deficits or with chewing or swallowing difficulties seems to be
easier to assure. Nevertheless, the ethical discussion with regard to enteral feeding 
in the elderly population has to be taken into account. 
In the present study, associations between vitamin D, retinol, folate and albumin level 
and parameters of functionality have been shown. The association between vitamin 
D and function has already been observed in several studies and is explicable firstly, 
by the positive influence from vitamin D on muscle tissue and secondly, by the 
activated synthesis of vitamin D in skin by UV-light, which might only concern mobile
residents.
Correlations between the retinol and folate level and functional parameters might be 
explained by a generally better nutritional status in the group of elderly without highly 
relevant functional deficits. Nevertheless, this field requires further investigation.
The association between mortality and low nutrient blood levels could only be 
confirmed with regard to vitamin D level. Due to the lack of longitudinal studies 
investigating nursing home residents, no comparable data are available at this point. 
One hypothesis for this result is on the one hand the association of a better 
nutritional situation in elderly people with survival, which has been shown in several 
studies before. On the other hand, low nutrient levels may be a consequence of low 
nutritional intake, which often leads to death, or displays a precursor of death. Long 
ranged nutrient resources, especially of lipid-soluble vitamins and albumin may have 
resulted in the non-significant differences regarding prevalence of nutrient 
deficiencies of survivors and deceased in the present study.
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CHAPTER FOUR
Functionality and Mortality in Obese Nursing Home Residents –
An Example of ‘Risk Factor Paradox’?
Kaiser et al., published in J Am Med Dir Assoc. 2010;11(6):428-35
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Abstract
Background: While the percentage of obese nursing home residents is increasing, 
few longitudinal studies have reported on functionality and mortality in this 
subpopulation. The aim of the present study was to explore functionality and mortality 
in obese nursing home residents during a one-year follow-up and to compare these 
results with those of residents within the normal and low body mass index (BMI)
range. Methods: Two hundred residents (147 female, 53 male, mean age 85.6±7.8 
years) from two Nuremberg nursing homes were included. Body weight and height 
were measured in all participants. BMI was calculated and categorized as low (<20 
kg/m²), normal (20-30 kg/m²) and high (>30 kg/m²). Handgrip strength, timed ‘up and 
go’ test and Barthel’s Activities of Daily Living were applied as functional parameters. 
All measurements were done at baseline and after a one-year follow-up. Results: At 
baseline the prevalence of obesity was 23.5%, while low BMI values were present in 
8.5% of the residents. After one year, there was no significant decline of functionality 
in the obese group, while functional parameters deteriorated significantly in study 
participants with normal BMI. One-year mortality was lowest in the obese (12.8%), 
with no deaths in residents with BMI ???? ????². Mortality was highest in residents 
with low BMI (58.8%). Conclusion: In nursing home residents obesity is associated 
with increased survival and stable functionality. These observations may therefore be 




In most western societies, the prevalence of obesity in older persons has been 
increasing constantly in past decades. A recent study on newly admitted nursing 
home residents reported that the prevalence of obesity rose from 15% to more than 
25% between 1992 and 2002 1. Bradway observed a predominance of studies 
focusing on community-dwelling obese elderly and a lack of surveys regarding obese 
nursing home residents 2. A negative association between body weight and 
functionality in community-dwelling older persons or newly admitted nursing home 
residents was found in several studies 3-11. 
To our knowledge, corresponding data on nutritional status, functional parameters for 
nursing home residents have not yet been published and data on mortality in obese 
nursing home residents are still scarce.
The association between high Body Mass Index (BMI) and mortality in older persons 
in general has been analyzed in numerous studies. While some found an increased 
risk of mortality among community-living obese elderly compared to those with 
normal weight 12,13, other authors observed a decreased mortality risk in those with 
high BMI 14-16 or at least no increased risk 17. Data on the relationship between high 
BMI and mortality in nursing home residents have also been inconsistent 18,19. 
As information on functionality and mortality in nursing home residents is highly 
relevant for the judgment of the level of care that society will have to face in future 
decades it is important to provide additional data in this field.
The aim of the present study was to explore the association of obesity with 
functionality and mortality in nursing home residents during a one-year follow-up.
Methods
All residents of two communal nursing homes in Nuremberg, Germany, were 
approached to participate in the present study from June 2007 until December 2008. 
Residents aged below 65 years and in palliative care with a very limited life 
expectancy were excluded. Informed consent was obtained from all participating 
residents or their legal proxies. The study protocol was approved by the ethics 
committees of the Friedrich-Alexander-University of Erlangen-Nuremberg, Germany, 
and the Rheinische Friedrich-Wilhelms-University of Bonn, Germany.
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Characteristics
Cognitive status was evaluated by the Mini Mental State Examination (MMSE) 20. 
Emotional status was assessed using the 15-item Geriatric Depression Scale (GDS), 
as validated by Lesher and Berryhill 21. The number of drugs taken was collected 
from the residents’ files.
Nutritional status
The nutritional status was evaluated by the Mini Nutritional Assessment® (MNA 22), a 
screening tool for malnutrition which was specifically developed for use in the elderly 
23-25, With the exception of its anthropometric items, the MNA was completed by the 
nursing staff.
The following anthropometric measurements were performed in all participants: 
weight, knee height, mid-arm circumference, waist circumference, calf circumference 
and triceps skinfold thickness. Weight was measured to the nearest 0.1 kg using a 
weigh chair (type Arjo CFA 2000). Knee height was measured in a sitting position. 
Bedridden residents were measured in a supine position. Knee and ankle had to be 
bent at 90°. Knee height was recorded to the nearest 0.1 cm for all participants, using 
a knee height sliding caliper provided by the Austrian Society for Clinical Nutrition 
(AKE). Body height was calculated from knee height using the following equations for 
white non-Hispanic subjects above age 60 26,27:
male: 78.31 + (1.94 x knee height [cm]) – (0.14 x age [y])
female: 82.21 + (1.85 x knee height [cm]) – (0.21 x age [y])
The Body Mass Index (BMI) was calculated from body weight (kg) divided by body 
height squared (m²). BMI was stratified for three groups. A BMI less than 20 kg/m² 
was considered as low, within 20 and 30 kg/m² as normal, above 30 kg/m² as obese 
and greater than or equal to 35 kg/m² as severely obese.
Measurements of mid-arm circumference (MAC), waist circumference (WC) and calf 
circumference (CC) were carried out with a flexible measuring tape and were 
recorded to the nearest 0.1 cm. Mid-arm circumference was measured on the left 
side at the mid-point between the tip of the shoulder and the tip of the elbow between 
olecranon process and acromion. Triceps skinfold thickness (TSF) was measured at 
the same position with a GPM skinfold caliper to the nearest 0.2 mm (DKSH 
Switzerland Ltd.). Waist circumference was measured at a level midway between the 
lower rib margin and iliac crest with the tape all around the body in horizontal 
position. Calf circumference was measured in a supine or sitting position on the left 
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side at the widest point without compressing the subcutaneous tissue. The mean 
value from two consecutive measurements was recorded for all parameters. 
Functional parameters
Measurement of handgrip strength (HGS) was carried out using a Vigorimeter (by 
Martin, Germany), recording to the nearest 0.2 kPa. For the timed ‘up and go’ test 
(TUG), the residents were asked to stand up from an armchair, to walk three meters, 
turn around, return to the chair and sit down again. The time needed was measured 
to the nearest one second. The Index of Activities of Daily Living (ADL) according to 
Barthel 28 was recorded by the nursing staff. Residents with a score between 65 and 
100 points were considered as being independent, residents with a score between 35 
and 60 points needed assistance and residents who reached a score <35 points 
required a high level of care.
All measurements and questionnaires were completed at baseline (t0) and repeated 
after twelve months (t12). Mortality data were collected from the residents’ medical 
records.
Statistics
Statistical analysis was performed using SPSS© version 17.0 (SPSS for Windows, 
SPSS Inc., Chicago, IL, USA) and SAS (version 9.1, SAS Institute, Cary, NC, USA). 
Results are given in mean ± standard deviation (SD) in normally distributed data. The 
correlations among continuous variables were assessed using Spearman’s Rho 
correlation coefficient. T-tests for independent and dependent samples, respectively, 
were used to compare differences in variables between baseline and follow-up, in 
case of normally distributed data. ANOVA was used for statistical comparisons of the 
distribution of functional parameters between different BMI groups. To analyze the 
association of BMI and the different functional parameters, respectively, with mortality 
risk, a Cox proportional hazard model was used, adjusted for the potentially 
confounding factors age and gender. Statistical tests were performed two-sided. A p-
value <0.05 was regarded as significant. In view of the exploratory nature of the 




From 322 potentially eligible residents, 10 residents under the age of 65 years (8.2%) 
and 10 residents (8.2%) in palliative care were excluded. 102 residents were not 
included in the present study for the following reasons: 28 residents did not wish to 
participate in the study (23.0% of non-participating residents). The legal proxies of 42 
residents did not agree to their participation in the study (34.4%). Proxies were 
inaccessible in another 14 cases (11.5%). 4 residents (3.3%) did not participate due 
to acute hospitalization, 3 (2.5%) were infected with multi-resistant bacterial strains 
and 2 (1.6%) residents moved to other institutions. For 9 (7.4%) residents other 
reasons led to their non-participation. The mean age of the non-participating 
residents (82.8±11.5 years) was significantly lower than that of the participating 
residents.
147 female and 53 male residents were included (mean age 85.5±7.8 years). All 
participants were white. Women were significantly older than men (p<0.05). The 
MMSE was applicable to 91.0% of the residents. 75.5% of these showed results 
indicating relevant cognitive impairment (<24 points). The GDS was completed in 
71.0% of the residents. 50.0% of these were found to have a score indicative of overt 
depression (at least 5 points). With regard to the ADL, 28.0% of the residents were 
categorized as independent, 29.5% needed assistance and 42.5% required a high 
level of care. Baseline characteristics of the study population stratified for BMI groups 
are shown in table XIII. 
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Table XIII: Characteristics at baseline
BMI groups < 20 n 20 - 30 n > 30 n p-value† rs with BMI
‡
Age [y] 88.5 ± 6.3 17 85.9 ± 7.5 136 83.3 ± 8.8 47 0.039 -0.111*
MMSE [points/30] 12.9 ± 10.7 15 14.4 ± 10.7 124 21.0 ± 8.8 44 0.001 0.194*
TSF [mm] 10.5 ± 3.8 17 16.2 ± 5.4 136 24.0 ± 5.6 47 0.000 0.738*
WC [cm] 83.6 ± 7.9 17 93.6 ± 10.7 136 112.6 ± 9.2 47 0.000 0.803*
MAC [cm] 22.1 ± 1.9 17 27.4 ± 2.9 136 33.9 ± 3.3 47 0.000 0.873*
CC [cm] 27.4 ± 2.8 17 31.7 ± 3.9 136 37.5 ± 5.0 47 0.000 0.694*
HGS [kPa] 25.8 ± 18.2 13 36.3 ± 18.0 107 46.8 ± 17.4 44 0.000 0.327*
MNA score 15.7 ± 4.2 17 20.8 ± 3.6 125 23.4 ± 3.1 46 0.000 0.429*
drugs [n] 7.5 ± 4.8 17 7.8 ± 5.9 136 7.8 ± 4.5 47 0.964 0.086
GDS [points/15] 5.2 ± 4.0 10 5.7 ± 3.6 94 4.4 ± 3.2 38 0.148 -0.150
TUG [sec] 27.8 ± 14.2 4 29.7 ± 18.1 55 25.5 ± 15.7 26 0.541 0.046
ADL 31.2 ± 28.0 17 40.4 ± 28.2 136 49.5 ± 28.2 47 0.045 0.138
†tested with ANOVA, ‡Spearman’s Rho correlation coefficient, BMI Body Mass Index, 
GDS Geriatric Depression Scale, MMSE Mini Mental State Examination, TSF triceps skinfold thickness, 
WC waist circumference, MAC mid-arm circumference, CC calf circumference, HGS handgrip strength, 
TUG timed ‘up and go’, ADL Barthel’s Activities of Daily Living, MNA Mini Nutritional Assessment
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Nutritional status and functional parameters at baseline
The prevalence of low BMI was 8.5% and of normal BMI 68.0%. Obesity was present 
in 17.5%, severe obesity in 6% (total with BMI >30: 23.5%). Baseline data on age, 
anthropometric measurements (TSF, WC, MAC, CC), functional parameters (HGS, 
TUG, ADL) and nutritional screening (MNA) stratified for BMI categories are 
presented in table XIII. 
While recent weight loss above 5% of body weight within the three months before 
study inclusion was present more often in those with low BMI, it only affected 11.8% 
of this group. On the contrary 35.3% of residents in the lowest BMI group, 52.6% with 
normal BMI and 66% with high BMI group had gained weight during this period. 
HGS and ADL score was highest and the time needed to perform the TUG was 
lowest in the high BMI group. The lowest BMI group consistently had the lowest 
values for functional parameters (p<0.05), except for the TUG. A weak negative 
correlation was found for BMI and age, while moderately strong and strong positive 
correlations were calculated for BMI and anthropometric values. With regard to the 
functional parameters, a positive correlation was shown for BMI and HGS. No 
correlation with BMI was found for the TUG and ADL score.
Comorbidity
The most prevalent chronic diseases in this age group were recorded at baseline. 
The high BMI group suffered more often from diabetes mellitus type 2, hypertension, 
congestive heart failure, hyperthyroidism, hypothyroidism and osteoarthritis than 
residents with low or normal BMI (figure III), while the number of drugs taken daily 
differed insignificantly between the three BMI groups (low BMI: 4.8 ± 3.0, normal BMI: 
5.5 ± 3.1, high BMI: 5.3 ± 2.3 drugs/d, p-value: 0.701). Significant differences 
between the BMI groups with regard to their cognitive status, measured by MMSE, 
were shown, while the depression scale did not demonstrate significant differences. 
One-year follow-up
14 participants dropped out during the follow-up due to relocation, withdrawal and 
hospitalization. 47 deceased during the study period. After the 12 month follow-up, 
33.1% of survivors had lost at least 5% weight, 23% were stable and the majority of 
43.9% had gained weight.
Parameters of functionality measured at baseline and after follow-up for the surviving 
group, stratified for BMI categories, are shown in table XV. Data still showed 
significant differences between BMI groups for HGS at baseline and after one year 
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and for ADL scores after one year. In the group with normal BMI a significant decline 
of HGS, TUG and ADL was observed, while there was no significant change in those 
with high BMI and those with low BMI.
The distribution of the BMI of all participants, survivors and deceased, are shown in 
table XIV. The surviving group showed significantly higher BMI values than the group 
of the deceased (26.9 vs. 24.3 kg/m², p<0.05).
The lowest mortality rate was observed in the obese (12.8%), with no deaths after 12 
months in the severely obese (BMI ???? ????²; n=12, not shown). Mortality was 
highest in residents with low BMI (58.8%) (figure VIII).
The different Cox regression analyses, all adjusted for age and gender, yielded the 
following results:
(i) a significantly increased risk of mortality for the group with low BMI (HR 3.4; 95% 
CI 1.6-7.0) while obesity was associated with a decreased mortality risk, although this 
association was not significant (HR 0.5 95% CI 0.2-1.3), considering the normal 
weight group (BMI 20-30 kg/m²) as a reference 
(ii) no significant association between the functional parameters (HGS, TUG, ADL) 
and mortality.












































































































Table XIV: BMI distribution of all participants, deceased and surviving 
participants










Figure X: Kaplan-Meier survival estimated by BMI categories
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Table XV: Follow-up data of function stratified for BMI groups
§comparing of the functional development from t0 to t 12, tested with t-test, † comparing of the functionality of the three BMI groups, tested with 
ANOVA, ‡Spearman’s Rho correlation coefficient, *significant (p<0.05), HGS handgrip strength, TUG timed ‘up and go’, ADL Barthel’s Activities of 
Daily Living
BMI groups < 20 20 - 30 >30
number n p-value§ n p-value§ n p-value§ p-value† rs with BMI
‡
HGS [kPa]
t 0 24.5 ± 16.9 6
0.223
37.2 ± 17.4 71
0.002
47. 6± 18.5 33
0.275
0.003 0.319*
t 12 26.5 ± 17.6 6 33.6 ± 18.9 71 45.7 ± 21.7 33 0.008 0.288*
TUG [sec]
t 0 34.5± 14.8 2
0.323
23.3 ± 8.2 29
0.007
23.5 ± 9.3 16
0.907
0.226 0.000
t 12 25.5 ± 7.8 2 30.6 ± 15.3 29 23.8 ± 9.6 16 0.261 0.054
ADL
t 0 42.1 ± 33.1 7
0.649
41.8 ± 27.8 95
0.001
52.0 ± 26.4 37
0.375
0.162 0.118
t 12 39.3 ± 28.6 7 35.6 ± 29.0 95 53.9 ± 29.3 37 0.006 0.212*
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Discussion
While during the past two decades a high prevalence of malnutrition was frequently 
found in nursing home residents 29,30, the present study showed only a low 
prevalence of this condition. In contrast, we observed a high prevalence of obesity. In 
two European studies and one Australian study in nursing home residents the 
prevalence of obesity was similar to ours, with 22.9%, 21% and 20%, respectively 31-
33. 21% of obese female and 20% of obese male residents were found in German 
nursing homes 34. A slightly lower prevalence of 17.8% was found in US nursing 
home residents 1. While all of the aforementioned studies were based on the WHO 
cut-off at 30 kg/m², Grabowski defined obesity as BMI >28 kg/m² and reported a 
prevalence of 21.4% in the observed population of institutionalized elderly from the 
US 19. In contrast, a much lower prevalence of obesity with only 6.3% was found in 
institutionalized elderly from Venezuela 35. In the Third National Health and Nutrition 
Examination Survey (NHANES III) a prevalence of obese elderly (???? ????²) of 
17.4% in men and 21.2% in women was reported among community-dwelling elderly 
3. In homebound US older adults the prevalence was 23% for obese (30-34.9 kg/m²) 
and 15% for severely obese elderly (????????²) 7. Based on the above study results it 
may be stated that in western countries the prevalence of obesity among nursing 
home residents is similar to its prevalence in community-dwelling elderly and in those 
that are homebound. The situation seems to be different in emerging nations. Here 
the characteristics of those that are admitted to nursing homes most probably differ 
significantly with regard to nutritional status from European countries and the US.
In the present study a BMI less than 20 kg/m² was categorized as low according to 
the recommendations of the ESPEN guidelines for nutritional screening 36. We 
decided to define the BMI range between 20 and 30 kg/m² as normal, as there has 
been wide agreement that BMI values between 20 and 25 kg/m² are in general 
considered to be the normal weight range in older individuals while the lowest 
mortality was shown for older individuals with BMI between 25 and 30 kg/m² 37. In our 
view, the overweight category appropriately used in younger individuals therefore 
had to be questioned for the older population. According to the WHO and the ESPEN 
criteria, a BMI value above 30 kg/m² was considered to indicate obesity and a BMI >
35 kg/m² was considered as severely obese 36,38.
In the present study, higher BMI was associated with higher cognitive status 
measured by MMSE. In the scientific literature, data on the association of BMI and 
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the risk of becoming demented are inconsistent 39. Studies which had also used the 
MMSE to test cognitive status found an increased risk for incident dementia in 
underweight (<18.5 kg/m²) as well as in obese (>30 kg/m²) elderly 40. The association 
of low BMI with dementia may be interpreted as a consequence of declining BMI 
during the years preceding the onset of dementia. When considering the association 
of high BMI with dementia it has been hypothesized that inflammatory and hormonal 
processes in the adipose tissue may be of special relevance in this context 41. 
However, it has to be stressed that the present study may not be directly comparable 
to the aforementioned scientific papers, as the assessment of cognitive status and 
the setting of the studies are different. 
In the present study, higher BMI values were associated with greater handgrip 
strength and higher ADL scores at baseline. After one year, functional parameters 
including handgrip strength, timed ‘up and go’ and ADL score remained stable in the 
obese study participants while those with normal BMI showed a decline in this 
regard. The results of the low BMI group have, however, to be interpreted cautiously. 
The small number of completed tests may have contributed to those results, as some 
tests could not be performed as a consequence of immobility and death.
Handgrip strength may be regarded as a suitable test for assessing muscle strength 
in older individuals in daily routine 42. However, data on the association of handgrip 
with BMI are inconsistent. In one study a positive correlation between these two 
parameters was shown in community-dwelling people 43, while in another study this 
correlation was not confirmed in women and even a negative correlation was shown 
in men 44. Higher BMI, higher percentage of body fat and a greater waist 
circumference were identified as parameters indicating a higher risk of incident 
mobility limitations in older well-functioning adults 45. In studies by Visser and 
Zamboni, DEXA (Dual energy X-ray absorptiometry) was applied for body 
composition analysis. It was shown that the percentage of body fat was associated 
with mobility-related disability and that in women the influence of fat mass was more 
relevant for functionality than that of fat free mass 46,47. In addition, fat-free mass was 
not a significant predictor of mobility-related disability, nor was weight change over a 
3-year follow-up 48. In further studies, the complex relationship between muscle and 
fat with regard to functionality was also illustrated by the observation that fat 
infiltration of the mid-thigh muscle was associated with lower strength and that this 
infiltration constituted an independent risk factor for incident mobility limitations 49,50.
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While knowledge on the relationship between obesity and functionality in community-
dwelling elderly is steadily growing, there have been very few studies with this focus 
in nursing home residents.
In the present study, relevant functional deficits were present in all BMI groups. 
However, they were observed to a larger extent in those with low and normal BMI 
than in those with high BMI. Nursing home residents represent a highly selected 
group of older individuals who show severe functional limitations which have led in 
most cases to their nursing home admission. Therefore the functional background of 
this population differs significantly from that of community-dwelling older persons. 
One has to be aware of this specific situation when study results on the relationship 
between BMI and functionality and on change of functionality over time are 
interpreted.
One hypothesis to explain this obvious paradoxical observation in nursing home 
residents suggests that those with low and normal BMI are at higher risk of relevant 
sarcopenia than those with higher BMI. As sarcopenia is usually a continuous 
process, the first group will also have a higher risk of a progressive loss of strength 
and power, which leads to deterioration in more complex functional tasks as well. In 
this context, it has to be noted that nursing home residents in general show a low 
level of functionality, being the most relevant reason for their admission in most 
instances. The described relationship between BMI and functionality therefore 
applies specifically to the nursing home population and not to independently living 
older persons.
More research is necessary to clarify these inconsistencies. Unfortunately, DEXA is 
highly unfeasible in this population and bioimpedance analysis, which may be 
considered an alternative, shows some serious disadvantages with regard to the 
reliability of measurements. Here the varying degrees of hydration are of special 
concern.
Another important observation in this context is that in the nursing home functional 
deficits seem to be more important in the pathogenesis of malnutrition than acute or 
chronic comorbidity 51. As the two groups with low and normal BMI showed higher 
degrees of functional impairment at baseline (table 2), they might also be considered 
to be at higher risk of further functional deterioration, which then might be interpreted 
as a consequence of malnutrition. 
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In our study, multimorbidity was present in all participants. Although the residents in 
the highest BMI group showed higher levels of functionality and lower mortality, they 
suffered more often from chronic, mainly cardiovascular diseases than residents with 
low or normal BMI. These data support the concept of functionality being more 
relevant for nutritional status in nursing home residents than chronic comorbidity. 
Mortality was lower in those residents with high BMI when compared to those in the 
low and normal BMI range. Data on the relationship between BMI and mortality for 
the older population in general still have to be considered as contradictory. Several 
large-scale studies explored the association between BMI and mortality in older 
persons 12-16. In an extensive study of almost 900,000 participants, the lowest 
mortality has been reported at about BMI 22.5-25 kg/m² 52. This study did not focus 
on older persons but included adults with a minimum age of 35 years. These results 
are comparable to those of a study by Pischon and co-workers. Here the lowest 
relative risk was shown for a BMI of 23.5 kg/m² in men and 24.3 kg/m² in women 
aged at least 65 years 53. Al Snih found the lowest hazard ratios for mortality in 
elderly above 65 years with a BMI between 25 and 30 kg/m² and, in contrary to our 
results of nursing home residents, the highest hazards for mortality were reported in 
older persons with a BMI above 35 kg/m² 37.
Mortality is significantly higher in nursing home residents when compared to the older 
population in general. In this specific population, higher BMI values may be 
considered to represent a survival advantage in the sense of energy and somatic 
protein reserve which will be of value in a time of crisis, the latter being all too 
frequent in the nursing home population. However, at present it cannot be excluded 
that higher BMI only indicates a condition where the individual is only at minor risk of 
losing weight and muscle mass, both of which would indicate an increase in mortality.
In the present study, obese subjects showed not only the best survival rate but also 
better functionality. In this regard, our results are similar to those of a recent study by 
Gale that observed an inverse relationship between handgrip strength and mortality 
54. The same relationship has also been observed in geriatric patients 55.
The results on functionality and mortality observed in the present study may be seen 
in the context of phenomena referred to as ‘paradoxical epidemiology’. Well-known 
examples are populations with advanced heart failure, terminal kidney disease, and 
in some aspects also the aging population 56. We believe that our population shares 
some features with these examples, as the nursing home population shows high 
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mortality in general and a high degree of relevant comorbidity and multimedication. 
For this reason, we believe that nursing home residents may now be regarded as 
another population that shows relevant features of paradoxical epidemiology.
While it is well-proven that obesity in mid-life has a negative impact on functionality, 
morbidity and mortality, this may not be true for nursing home residents. In this highly 
selected population with severely decreased functionality, obesity may be regarded 
as a protective factor with regard to functionality and mortality.
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The nutritional situation of elderly people influences their quality of life, as it is closely 
associated with functionality, morbidity and mortality (KWON ET AL. 2007, BISCHOFF-
FERRARI ET AL. 2004, VOLPATO ET AL. 2004, DE GROOT AND VAN STAVEREN 2002, 
AMARANTOS ET AL. 2001). Cognitive and physical deficits lead to an increased risk of
an insufficient nutritional status, which is highly prevalent in elderly people and 
therefore concerns nursing home residents in particular. Consequently, malnutrition 
particularly appears in the elderly population, which has already been shown in 
several studies and reviews (GASKILL ET AL. 2008, SALVI ET AL. 2008, PAULY ET AL.
2007, PIRLICH ET AL. 2006). Nevertheless, a gold standard for the identification of 
malnutrition or the risk for malnutrition is still lacking. 
The focus of this thesis was the analysis of different methods for the assessment of 
the nutritional situation of nursing home residents, the monitoring for a one-year 
follow-up period and, finally, the examination of associations between nutritional 
status, functionality and mortality in this setting. To my knowledge, this is the first 
longitudinal study, which investigated the aforementioned parameters in the 
population of nursing home residents. 
Chapter two aimed at the comparison of two different methods for the application of 
the Mini Nutritional Assessment (MNA), a screening tool, which was recommended 
for the identification of malnutrition or its risk in frail elderly people (KONDRUP ET AL.
2003, GUIGOZ ET AL. 1996 & 1994). Unfortunately, cognitive deficits, which are highly 
prevalent in nursing home residents, were not considered when the tool was 
developed. Consequently, elderly people with cognitive deficits were excluded from 
data collection in many studies or the assessment was completed by nursing staff 
and/or closed relatives instead without any further description of the methods.
In the present study, the results of MNA, completed by interview with the residents 
themselves were compared with those, assessed by nursing staff. The comparison of 
the two approaches showed a lower applicability rate for the residents’ interviews 
than for the estimation by nursing staff, due to the high prevalence of cognitive 
impaired residents (69% vs. 94%). Agreement of the results of both methods turned 
out to be low, but improved when cognitive impaired residents were excluded from 
the analysis. In a further step, the predictive value of the MNA categories with regard
to six-month mortality was analyzed. The relationship was statistically stronger when 
nursing staff completed the MNA. Additionally, the prevalence of mortality among
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residents who could not complete the MNA was high (44% of deceased residents). 
This fact emphasizes the importance of nutritional screening in cognitive impaired 
elderly to assure an early therapeutic nutritional intervention. These insights gained 
in chapter two lead to the recommendation that MNA in the nursing home setting 
should be completed routinely by the nursing staff, because the established methods 
for completion are not comparable, as shown in the present study. The results 
achieved are reliable, solely by applying the recommended method. 
The nutritional situation with regard to specific nutrient blood markers was analyzed 
in chapter three of the present thesis. This chapter additionally aimed at investigating 
the associations between nutrient blood level and functionality and mortality. 
Longitudinal data in this regard are scarce. Most studies which observed the blood 
status within a follow-up period in nursing home residents, focused on interventional 
approaches (MOREIRA-PFRIMER ET AL. 2009, BROE ET AL. 2007, LIU ET AL. 2007,
WOUTERS-WESSELING ET AL. 2002).
In the present study, mean blood levels of all analyzed parameters were adequate,
except from vitamin D. The highest prevalence of low levels below defined cut-off 
values were observed for vitamin D, albumin and retinol. 
The high prevalence of vitamin D deficiency in people worldwide was already 
investigated in several studies and concerns especially elderly people due to the 
decreased synthesis in the aged skin (GRANT AND HOLICK 2005) and the high 
prevalence of immobility and therefore decreased exposure to UV-light. The present 
nursing home residents were characterized by low physical function and high 
prevalence of immobility which led to the high prevalence of vitamin D deficiency.
Albumin, ß-carotene, vitamin B12 and folate levels in the present nursing home 
residents were generally comparable to the literature. ?-tocopherole was similar to 
results of community-dwelling elderly and adults. 
In the literature, nursing home residents showed generally lower nutrient levels than 
elderly in the community, if living independently. Comparable results of home-living 
handicapped elderly are not available yet; further research is required in this setting.
The low prevalence of low ?-tocopherol level in blood in the present study refers to a 
balanced diet with sufficient amount of vegetable oils. Due to the lack of observing
the nutritional intake in the present study, no further statement in the regard can be 
given as well.
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A good nutritional status in elderly people contributes to preservation of muscle 
mass, obviation of sarcopenia and therefore enables a higher functional ability
(BARTALI ET AL. 2008 & 2006). In the present residents, retinol, folate and albumin
levels showed positive association with functional parameters and thereby confirm 
these assumptions. 
With exception of vitamin D, no differences could be shown between the prevalence 
of nutrient deficiencies in survivors and deceased in the present study. Vitamin D 
was positively associated with cumulative one-year survival when differentiated for 
vitamin D categories. While residents with vitamin D level between 25-50 nmol/l, 
showed highest mortality, the lowest mortality was found in residents with optimal 
level of >75 nmol/l.
Tube-fed residents showed significantly higher levels of vitamin D and folate, lower 
cholesterol levels, as well as higher ?-tocopherol/cholesterol ratios than non tube-fed. 
This may on the one hand be explained by the higher concentration of most
nutrients, vitamins and minerals in artificial food in general and, on the other hand, by 
the low nutritional intake in physiologic or cognitive disabled elderly who need 
assistance during eating (SCHMID ET AL. 2003).
For an adequate supply of nutrients in nursing home residents, a well-balanced 
amount of food, rich in fresh fruit, vegetables and wholemeal products is required.
Additionally, a considerable amount of awareness and patience on the part of the 
nursing staff needed in order to feed residents or support them adequate during their 
nutritional intake.
In can be concluded that the population of nursing home residents obviously show a 
high risk of low nutrient blood levels with regard to vitamin D, albumin and retinol. 
The supply of the other analyzed nutrients, ß-carotene, vitamin B12?? ??????? ???? ?-
tocopherol seems to be adequate, indicated by very low deficiency prevalence rates. 
As food intake was not assessed in the present study, no conclusions can be drawn 
about possible associations of the blood levels of the analyzed nutrients and 
nutritional intake.
In addition to the high prevalence of malnutrition in the elderly, the problem of obesity 
has been growing in recent decades (LAPANE ET AL. 2005) and concerns both younger 
independent adults and nursing home residents.
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A negative association between body weight and functionality was already 
investigated in the community (BLAUM ET AL. 2005, DAVISON ET AL. 2002, JENSEN AND 
FRIEDMANN 2002).
Aim of chapter four was to analyze the association between BMI, functional
parameters and mortality. Obesity was defined as BMI above 30 kg/m2. Analysis 
revealed that obese residents showed the highest values of functionality, and, 
regarding the follow-up data, a steady state of functional ability, while residents in the 
normal BMI range (20-30 kg/m2) show a decrease of physical functioning within one 
year. Due to the low number of residents within the low BMI range (<20 kg/m2) who 
were able to accomplish the functional tests, the results of this group have to be 
considered with caution. 
However, data also indicate that relevant functional deficits are existing in all BMI 
groups in the present study, even though residents with low and normal BMI had 
greater deficits than those with high BMI. These highly relevant functional limitations 
may have in most cases led in first place to the nursing home admission.
The association between BMI and survival in the present study was unequivocal, as
the lowest mortality was found in severe obese residents (BMI >35 kg/m2). These 
results contribute to the assumption that higher BMI values represent a functional 
and survival advantage in this special setting. This might be explained by higher 
energy and protein reserves with protective properties in time of crisis. In summary, 
even though it is well-known that obesity in younger and community-dwelling elderly 
is associated with lower functional ability (KOSTER ET AL. 2008, VISSER ET AL 1998), 
this fact seems to be no longer true for this nursing home setting, which shows 
relevant features of paradoxical epidemiology.
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VAppendix
A) Charakterisierung der Bewohner (Informationen aus der Pflegedokumentation)




Gewicht (in kg) [falls bei den 
angegebenen Zeitpunkten das Gewicht 
nicht vorliegt, den nächst liegenden 
Zeitpunkt wählen ??????????????
eintragen]
a.) bei Aufnahme: ______ (Datum: ____________)
b.) vor 3 Monaten: ______ (Datum: ____________)
c.) aktuelles Gewicht: ______ (Datum: ____________)
A5. Größe (in cm)
a.) bei Aufnahme:  ____________





A6. Pflegestufe ¨ 0 ¨ I ¨ II ¨ III
A7.
Raucht der Bewohner? Wenn ja, 
wie viele Zigaretten täglich? 
¨ nein
¨ ja
¨ weniger als 5 Zigaretten
¨ 5 bis 10 Zigaretten
¨ 1 Schachtel
¨ mehr als 1 Schachtel
Einschätzungen durch die Pflegefachkraft (PFK)
A8. Liegt ein Dekubitus vor? ¨ ja:  Grad ¨ I    ¨ II    ¨ III    ¨ IV               ¨ nein
A9.
Liegen Wundheilungsstörungen 
vor? ¨ ja ¨ nein 
Leidet der Bewohner unter …
A10. … Exsikkose ¨ ja ¨ nein 
A11. … Ödemen? ¨ ja ¨ nein 
A12. … Übelkeit? ¨ ja ¨ nein 
A13. … Erbrechen? ¨ ja ¨ nein 
A14. … Obstipation? ¨ ja ¨ nein 
A15. … Diarrhöen? ¨ ja ¨ nein 
Chronische Krankheiten (auf Grund ärztlicher Diagnose!) ??für jede Krankheit eine Antwort
A16. Zuckerkrankheit (Diabetes mellitus) ¨ ja ¨ nein
A17. Bluthochdruck ¨ ja ¨ nein




¨ ja ¨ nein
A20. Schlaganfall ¨ ja ¨ nein
VI
A21. Maligne Grunderkrankung ¨ ja ¨ nein
A22. Hyperthyreose ¨ ja ¨ nein
A23. Hypothyreose ¨ ja ¨ nein
A24. Erkrankungen der Atemwege ¨ ja ¨ nein
A25. Gastritis, Magenerkrankungen ¨ ja ¨ nein
A26. Entzündliche Darmkrankheiten ¨ ja ¨ nein
A27. Chronische Leberkrankheit ¨ ja ¨ nein
A28. Chronische Nierenerkrankung ¨ ja ¨ nein
A29.
Gelenkserkrankungen               
(Arthritis, Arthrose)
¨ ja ¨ nein





(in den letzten 3 Monaten) ¨ >3 mal ¨ 1-3 mal ¨ nie
A33.
Art der Infektion(en)
(in den letzten 3 Monaten)
¨ pulmonale Infektion           ¨ grippaler Infekt
¨ Harnwegsinfektion            ¨ Sonstiges:_________________
Einnahme von Medikamenten 
A34.
Anzahl verschiedener täglich 
eingenommener Medikamente
¨ keine Anzahl: ____
A35. Anzahl der täglich eingenommenen Tabletten
¨ keine Anzahl: ____
Welche Medikamente werden eingenommen?
A36. Psychopharmaka ¨ ja ¨ nein
Welche?
A37. Zentral wirksame Analgetika ¨ ja ¨ nein
A38. Peripher wirksame Analgetika ¨ ja ¨ nein
A39. Antiparkinsonmittel ¨ ja ¨ nein
A40. Antihypertensiva/ Herzinsuffizienz ¨ ja ¨ nein
A41. Antidiabetika ¨ ja ¨ nein
A42. Insulin ¨ ja ¨ nein
A43. Eisen ¨ ja ¨ nein
A44. Kalium ¨ ja ¨ nein




A47. Wie mobil ist der Bewohner?
¨ immobil (bettlägerig, max. in den Stuhl mobilisierbar
¨ mäßig mobil (gehen mit Hilfe möglich)
¨ aktiv (selbstständiges Gehen möglich, größere Strecken ggf. 
mit Rollator)
¨ hyperaktiv
A48. Empfängt der Bewohner Besuch? ¨ ja ¨ nein
A49. Wenn ja, wie oft?
¨ täglich
¨ mind. 1x/ Woche
¨ mind. 1x/ Monat
¨ unregelmäßig






B) Ernährung und Ernährungsgewohnheiten
B1. Welche Kost erhält der Bewohner?(Mehrfachnennung möglich)
¨ Vollkost                              ¨ Energie-reduziert
¨ Leichte Vollkost ¨ Energie-reich
¨ Diabeteskost                           ¨ salzarm 










Isst der Bewohner 
Zwischenmahlzeiten 
¨ 0     ¨ 1     ¨ 2     ¨ 3     ¨ >3
B4.
Wie viel trinkt der Bewohner pro 
Tag? (Wasser, Saft, Kaffee, Tee, 
Wein, Bier)
¨ weniger als 1 Liter/Tag
¨ 1 bis 1,5 Liter/Tag
¨ 1,5 bis 2 Liter/Tag
¨ mehr als 2 Liter/Tag
B5.
Erhält der Bewohner zusätzlich 
Trinknahrung/ Energy-Drinks?
(Mehrfachnennung möglich)
¨ täglich/alle 2 Tage. ¨ gelegentlich ¨ nie 
¨ wird abgelehnt (vom Bewohner/Angehörigen)
Aktivitäten des täglichen Lebens (ADL)à für jede Tätigkeit bitte eine Einstufung ankreuzen
A51. Essen
Unabhängig, isst selbständig, benutzt Geschirr und Besteck ¨ 10
Braucht Hilfe, z. B. Fleisch oder Brot schneiden ¨ 5




Unabhängig in allen Phasen der Tätigkeit ¨ 15
Geringe Hilfen oder Beaufsichtigung erforderlich ¨ 10
Kann sitzen, braucht für den Transfer jedoch Hilfe ¨ 5
Bettlägerig ¨ 0
A53. Waschen
Unabhängig beim Waschen von Gesicht und Händen; beim 
Kämmen ¨ 5
Nicht selbständig bei o. g. Tätigkeiten ¨ 0
A54. Toilettenbenutzung
Unabhängig in allen Phasen der Tätigkeit ¨ 10
Benötigt Hilfe, z. B. bei Gleichgewicht, Kleidung aus- und 
anziehen, 
¨ 5
Kann nicht auf Toilette / Nachtstuhl ¨ 0
A55. Baden
Badet oder duscht ohne Hilfe ¨ 5
Badet oder duscht mit Hilfe ¨ 0
A56. Bewegung
Unabhängiges Gehen (auch mit Gehhilfe) für mind. 50 m ¨ 15
Mind. 50 m Gehen, jedoch mit Unterstützung für mind. 50 m ¨ 10
Für Rollstuhlfahrer: unabhängig für mind. 50 m ¨ 5
Kann sich nicht (mind. 50 m) fortbewegen ¨ 0
A57. Treppensteigen
Unabhängig (auch mit Gehilfe) ¨ 10
Benötigt Hilfe oder Überwachung ¨ 5
Kann auch mit Hilfe nicht Treppen steigen ¨ 0
A58. An- und Auskleiden
Unabhängig, inkl. Schuhe anziehen ¨ 10
Hilfsbedürftig, kleidet sich teilweise selbst an ¨ 5
Völlig hilfsbedürftig ¨ 0
A59. Stuhlkontrolle
Ständig kontinent ¨ 10
Gelegentlich inkontinent, maximal einmal/Woche ¨ 5
Häufiger / ständig inkontinent ¨ 0
A60. Urinkontrolle
Ständig kontinent, ggf. unabhängig bei DK/Cystofix. ¨ 10
Gelegentlich inkontinent / Hilfe bei ext. Harnableitung ¨ 5
Häufiger / ständig inkontinent ¨ 0
Ergebnis Gesamtpunktzahl (max. 100)
IX
B6. Trinkt der Bewohner Alkohol?
¨ mehrere Gläser alkoholischer Getränke täglich 
¨ ein Glas alkoholischer Getränke pro Tag
¨ mehrere Gläser pro Woche
¨ mehrere Gläser pro Monat
¨ selten
¨ nie
B7. Wird der Bewohner über eineSonde ernährt?
¨ ja, ausschließlich ¨ nein 
¨ ja, ergänzend zur oralen Nahrung
B8.
Falls der Bewohner über Sonde 
ernährt wird:
a.) Grund für Sonde: ___________________________________
b.) genaue Produktbezeichnung: __________________________
c.) Menge/Tag: ________________________________________
d.) Seit wann (Datum):__________________________________
e.) Art d. Verabreichung: ¨ Bolus
¨ kontinuierlich: Ernährungspumpe
¨ kontinuierlich: per Schwerkraft
Leidet der Bewohner unter …?
B9. … Appetitlosigkeit? ¨ schwer     ¨ mittel    ¨ leicht     ¨ keine
B10. … Kaubeschwerden? ¨ schwer     ¨ mittel    ¨ leicht     ¨ keine
B11. … Schluckbeschwerden? ¨ schwer     ¨ mittel    ¨ leicht     ¨ keine
B12.
Lehnt der Bewohner die
Nahrungsaufnahme ab?
¨ immer     ¨ gelegentlich     ¨ nie 
¨ seit mehr als 5 Tagen
B13.
Benötigt der Bewohner Hilfe beim
Trinken?











Ist eine Hand paretisch?
Messung:
Rechts kPa Links kPa
Messung 1
Messung 2
Messung 3
